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CHAPTER-1 
INTRODUCTION 
Plantago spp. (English name: Blond psyllium, Spogel seed; Hindi name: 
Isabgol) order: Lamiales, family: Plantaginaceae, is an annual stem-less herb, a native 
of Persia that grows to a height of 12-18 inches. Genus Plantago contains over 250 
species, among which, 10 species are found in India. P. ovata and P. psyllium are 
produced commercially in several European countries. According to a report of FAO, 
2009. the isabgol is being cultivated globally in an area of 5383032 hectare with a 
yield of 63.75 quintal/hectare. The total production of isabgol was recorded 34.32 lac 
tonnes/annum. It is indigenous to Mediterranean region and West Asia and has been 
introduced in India and cultivated in an area of approximately 150,000 ha (Kumar et 
al., 2009). Out of various isabgol cultivating states of India, it is grown in an area of 
approximately 50,000 ha, mainly in Banaskantha and Mehsana districts of Gujarat 
and some parts of southern Rajasthan. Mainly Isabgol-1 variety is being cultivated on 
large scale in Gujarat which yields 800-900 kg seeds/ha, and also a new variety 
Gujarat lsabgol-2 has a potential to yield 1,000 kg seeds/ha (Maiti & Mandal, 2000). 
Now, India dominates the world market in the production and export of psyllium. 
India earns about Rs.l60 crores annually through export of isabgol (Bussinessworld, 
2009). 
Isabgol is being cultivated and produced on commercial scale mainly because 
of its medicinal properties as it has high amount of mucilage content. Among the 
various species of isabgol, P. ovata contains the highest amount of mucilage and is 
being used for treatment of a number of stomach disorders, like, constipation, 
irritation of digestive tract, etc. and also used in diuretic, emollient and cooling. The 
United States of America is the world's largest importer of psyllium 'husk' with over 
60% of total imports used in pharmaceutical industries for use in products such as 
"Metamucil". "Effersyllium", "Fiberall". In addition, it is also used in food industries 
for the preparation of ice-creams, candy, etc. and seeds are used as animal feed. 
In recent years, the cultivation of isabgol has been increased tremendously 
because of its remunerative value in different states of our country and this crop is 
subjected to the attack of several pests and diseases caused by soil-borne fungi, 
particularly S. sderotiorum and plant-parasitic nematodes, especially root-knot 
nematodes. 
The word nematode is derived from Greek word ^nema' meaning thread and 
'aides' meaning resembling or form. Nematodes are most numerous multi-cellular 
animals on the earth with exception of Arthropods. Nematodes dwell in all types of 
habitat on earth, from ocean depths to tops of mountains, from hot water springs to 
icy arctic and antartics, from barren lands to cultivated fields, and from meadows to 
tropical forests. Nematodes thus occupy any conceivable habitat on this earth. 
Numerically they are the most abundant amongst all the metazoans on earth. Out of 
an estimated 5, 00,000 species of nematodes, only about 25,000 are known till date, 
which represents approximately two-third of the total fauna. A single acre soil from 
arable land may contain as many as 3x10^ nematodes, while marine beach sand may 
contain 15 x 1 O '^/acre (Jairajpuri, 1988; Walia & Bajaj, 2003). 
Plant parasitic nematodes have an enormous impact on human welfare, both 
directly and indirectly through their effect on agriculture as parasites of animals and 
plants. They parasitize all types of plants from algae to trees. A handful of soil from 
the root canopy of any plant may yield hundreds of plant parasitic nematode 
belonging to 4 to 5 genera. Being obligate parasite, they derive nutrition from host 
plant, which in turn must debilitate the plant to varying extent even to total crop 
failure (Siddiqui, 2002). 
The economic importance of plant-parasitic nematodes is judged by its 
parasitic or pathogenic potential, geographical distribution and value of the crops. The 
extent of crop damage inflicted by nematodes alone to the plants depend on several 
factors, these includes nematodes density in soil, nature of parasitism (ecto-parasites 
or endo-parasites), host susceptibility, cropping pattern, edaphic factors (soil texture, 
moisture etc.) and ambient climatic conditions (temperature and moisture). 
Nematodes by themselves rarely kill the plants to ensure their own survival. They 
generally reduce the crop in quality and quantity and often destroy whole crop by 
their sheer number (Sasser, 1989). 
According to an estimate overall average yield loss of the world's major crop 
due to the damage caused by plant parasitic nematodes is 12.3%. The monetary losses 
due to nematodes on 21 crops, 15 of which are life sustaining were estimated at 77 
billion US $ annually based on 1984 production, figure and prices. United States 
portion of those losses is 5.8 million dollar annually (Sasser & Freckman, 1987; 
Sasser, 1989 Sasser. 1989 and Luc et al, 2005). 
Of the total nematode species, plant-parasitic nematodes constitute only 10% 
and a plant is often attacked by one or more species. Usually, they are found in the 
rhizosphere of their host plant or in stems, leaves and seeds (Webster, 1972; Lamberti 
& Taylor, 1979; Luc et ah, 2005). On a worldwide basis, ten most important genera of 
plant-parasitic nematodes reported are, Meloidogyne, Pratylenchus, Heterodera, 
Ditylenchus, Globodera, Tylenchulus, Xiphinema, Radopholus, Rotylenchulus and 
Ilelicotylenchus. They are considered as the most important nematodes in terms of 
distribution, host range and resulted yield losses (Sasser, 1980, Sasser & Freckman, 
1987, Luce/a/., 2005). 
Root-knot nematodes {Meloidogyne spp.) are considered to be the most 
potential pest of many agriculturally important crops due to their worldwide 
distribution, extensive host range and highly advanced mode of parasitism. Webster 
(19720, Sasser (1989), Luc et al. (2005), Good (1973) reported that root-knot 
nematodes are responsible for about 40% of the loss due to all plant parasitic 
nematodes in the USA, which is about 10% of the total loss caused by all organisms. 
In fact, they are responsible for 95% of total crop loss attributed to the nematodes 
(Dasgupta, 1997). 
These nematodes produce above and below ground symptoms on the host 
crop. The above ground symptoms of its attack are "patchy" appearance in the fields 
due to uneven distribution of the nematode. Generally diseased plants show slight to 
severe stunting, chlorosis and wilting. The poorly growing patches increases in size 
each year and may spread more rapidly in the direction of ploughing and irrigation. 
The symptom advances with the age of the crop and are more spectacular under 
drought or low fertility levels (Webster, 1972; Sasser, 1989; Luc et al, 2005). The 
most distinctive symptoms are also observed on underground parts, which include 
galls or knots on the roots and adversely affect the physiology of the infected plant, 
reducing crop yield and product quality (Eisenback & Triantaphyllou, 1991; Jepson, 
1987). In case of multiple infections on the nearby tissues, galls may coalesce to form 
large galls, terminally or sub terminally on the infected roots and their size varies with 
the species of Meloidogyne and hosts (Webster, 1972; Sasser & Carter, 1985; Sasser, 
1989; Trudgill & Blok, 2001; Haseeb, 2004; Luc et al, 2005). Among the root-knot 
nematodes, M. incognita and M javanica is one of the most damaging and causes 
extensive damage to almost all the crops viz., vegetables, pulses, fibres, oilseeds, 
plantation crops and medicinal & aromatic plants (Sitaramaiah, 1984; Sikora & 
Greco, 1990; Haseeb, 1992, 1994; Singh & Haseeb, 1998; Haseeb & Pandey, 1989 a, 
b, c; Ali & Askary, 2001; Shukla & Haseeb, 2002; Gaur et al, 2004; Luc et al, 2005; 
Haseeb et al., 2007 a; Perveen et al, 2010). 
Root-knot nematodes especially, M. incognita and M javanica has also been 
recognized as a serious constraints to the productivity of the medicinal and aromatic 
plants such as, on Mentha spp. (Haseeb & Pandey,1989 b; Haseeb & Shukla, 2001; 
Haseeb et al., 2006), Ocimum basilicum cv. French (Haseeb et al, 1988), O. sanctum 
(Haseeb & Pandey,1987), O. canum (Haseeb & Pandey,1987; Haseeb et al, 2000 b), 
C). ^ratissimum (Haseeb et a/.,1986 a; Haseeb & Pandey, 1987) and many other 
medicinal and aromatic plants like Hyoscyamus niger (Haseeb & Pandey, 1989 a; 
Haseeb et al, 1990, 2000 a), H. muticus (Haseeb & Pandey, 1989 a), Artemisia 
pallens (Haseeb et a/., 1986 b; Haseeb & Pandey, 1989 c; Haseeb & Butool, 1991). 
Other than root-knot nematodes, the next important nematode species found in terms 
of pathogenic potential and damage caused to various medicinal and aromatic plants 
are, Pratylenchus thornei on Mentha spicata (Haseeb et al, 1987; Haseeb & Shukla, 
1994) and other species of mentha (Haseeb & Shukla, 2001), Rotylenchulus 
reniformis on M. spicata (Haseeb & Shukla, 2004). 
Information on nematode tolerance levels for crops has great significance in 
agricultural production. It is known that there is a positive correlation between 
nematode population level and crop damage. Studies pertaining to such relationship 
have been conducted with several nematode crop plant systems. Most of the 
information is based on the studies carried out in pots or microplots experiments 
(Shaffie & Jankins, 1963; Appel & Lewis, 1984; Di Vito et al, 1985; Haseeb, 1992, 
1994, 2003, 2004; Singh & Nath, 1996; Mahapatra et al, 1999; Singh & Hasan, 2002, 
Kumar & Haseeb, 2006). 
The fungi constitute a very large group of organisms found in virtually every 
ecological niche. Fungi are small, generally microscopic eukaryotic, usually 
filamentous, branched spore-bearing organism that lack chlorophyll and have cell 
walls, which have chitin, cellulose, or both. Most of the 100,000 fungal species 
known are strictly saprophytic which helps in decomposition of dead in 
decomposition of dead organic matter. Out of these, 8,000 species of fungi are known 
to be associated with diseases in plants. All plants are attacked by some kind of fungi 
and some of the parasitic fungi can grow and multiply only by remaining in 
association with their host plant during their entire life, other require a host plant for a 
part of their life but can complete their life cycle on dead organic matter or on living 
plant (Mehrotra, 2003; Agrios, 2005; Saharan & Mehta, 2008; Mukerji, 2010). 
Among various soil-borne fungi, the Sclerotinia sclerotiorum belonging to 
phylum Ascomycota, class Discomycetes, order Helotiales, family Sclerotiniaceae, 
was found most non-specific and successful in causing extensive damage to almost 
more than 500 plant species found worldwide in 75 families (Boland & Hall, 1994). 
The disease caused by Sclerotinia are known under a variety of names, such as 
cottony rot, white mold, watery soft rot, stem rot, drop, crown rot and blossom blight 
among others (Chupp & Sherf, 1960; Walker, 1969; Purdy, 1979; Tu, 1986; Sattar et 
al.. 1995: Agrios, 2005). The sclerotia (2-10 millimeter) are white at first but later 
become black and hard on the outside usually more flattened and elongated than 
spherical. Leaves usually have water-soaked lesions that expand rapidly and move 
down the petiole into the stem. 
Infected stems of some species initially develop dark lesions whereas the early 
symptom in other hosts is the appearance of water-soaked lesions. On stems, lesions 
usually develop into necrotic tissues that subsequently develop patches of fluffy white 
mycehal growth in which soon afterward develop large, compact resting bodies or 
sclerotia. The sclerotia overwinter on or within infected tissues and all infections are 
initiated by ascospores (Blodgett, 1946; Hungerforts & Pitts, 1953; Steadman, 1975; 
Grau, 1988; Farr et al, 1989; Mehrotra, 2003; Agrios, 2005; Saharan & Mehta, 2008; 
Mukerji,2010). 
The majority of host species of this fungus are dicotyledonous, although a 
number of agriculturally significant monocotyledonous plants are also hosts and cause 
huge amount of losses both in the field and post-harvest (Willet & Wong, 1980). 
Sclerotinia spp. infest many important crops, such as alfalafa, dry bean, cabbage, 
canola, lettuce, peanut, soybean, sunflower (Farr et al., 1989; Grau, 1988; Sattar & 
Alam, 1993; Paul, 1996; Shivpuri & Gupta, 2001). Seed infection has been reported 
on some of these hosts, including dry beans (Blodgett, 1946; Hungerforts & Pitts, 
1953; Steadman, 1975), peanuts (Akem, 1990), soybean (Hartman et al, 1998; 
Hoffman et al, 1998, Nicholson et al, 1972; Stovold & Priest, 1986) and sunflower 
(Sackston, 1960). Some diseases caused by S. sclerotiorum, such as white mold of 
bean (Abawi & Grogan, 1979) and stalk rot of potato (Partyka & Mai, 1962) are 
attributed to above ground infection by air-borne ascospores. 
In contrast to this air-borne infection, sclerotinia blight of coneflower occurs 
mainly in the roots and lower stems of plants. Although the spread and development 
of new infections are not fully understood at this point, no significant foliar infection 
has been reported (Chang et al, 1998, 1999). The disease development was similar to 
the research on sclerotinia wilt of sunflower by Dorell & Huang (1978), in which the 
wilt originated from mycelial infection in soil. Cother (2000) observed that the 
isolates of Australian specimen of 5. sclerotiorum were pathogenic to five plant 
species comprised in 21 families of native plants from the east Australian coast. 
Lithourgidis et al. (2003) also noticed the non-specific host of isolates obtained from 
bean and cucumber in leguminous trees, both inducing the symptoms in host under 
test. This pathogen decreases the bean yield significantly in the irrigated fields at the 
central region of Brazil (Charchar et al., 1999). 
Plant ago spp. (P. ovata, P. lance o lata, etc.) is subjected to the attack of 
several diseases caused by different soil-borne fungi affecting the roots, leaves, 
spikes, etc. decreasing the seed yield. Among the soil-borne fungi, Fusarium 
oxysporum, S. sclerotiorum and Rhizoctonia solani were found to cause various 
diseases and damage to the crop and decrease the seed yield significantly (Adams & 
Ayers, 1979; Purdy, 1979; Steadman, 1979; Huang, 1983; Boland & Hall, 1988; 
Mueller el al., 1999, 2002; Wang et al, 2000; Akem et al, 2006; Figueiredo et al, 
2010; Perveen et al, 2007 a, b, 2010; Kumar et al, 2011). This crop is mainly 
influenced by the downy mildew disease caused by Peronospora plantaginis and 
commonly reported where the crop is being grown in early season, with higher seed 
rate and frequent irrigation (Mandal et al, 2007, Yadav et al, 2007). 
Plant-parasitic nematodes are pathogens in their own right and are capable of 
producing recognizable disease symptoms on an appropriate susceptible host. Most of 
the diseases caused by nematodes are debilitating. However, when they interact with 
other pathogenic organisms the disease picture drastically altered. It changes from 
debilitating to annihilating (Powell, 1963, 1971, 1979; Bergeson, 1972, Haseeb, 1983, 
Haseeb et al, 2003). The varieties bred resistant against fungal attack become 
susceptible in the presence of a nematode (Atkinson, 1892; Neal, 1954; Melendez & 
Powell, 1965, 1967; Porter & Powell, 1967; Powell, 1971; Sumner & Johnson, 1973; 
Hasan, 1985). Soil inhabiting fungi such as Pythium, Curvularia, Botrytis, 
Aspergillus, Penicillium and Trichoderma species, which are normally not pathogenic 
on healthy tobacco roots, become pathogenic on roots infected by root-knot nematode 
(Powell t^/a/., 1971). 
The literature on nematode fungal interaction has been reviewed Pitcher 
(1963. 1965). Miller (1965), Porter & Powell (1967), Melendez & Powell (1965, 
1967), Powell (1968, 1971, 1979), Powell & Batten (1969), Bergeson (1972), Sidhu 
& Webster (1977), Norton (1978), Lamberti & Taylor (1979), Haseeb (1983), Sikora 
(1984), Webster (1985), Mai & Abawi (1987), Sasser (1989), Evans & Haydock 
(1993), Walker et al. (1999), Back et al. (2002), Haseeb (2003), Luc et al. (2005). 
In order to fulfil the food requirements of ever increasing population, efforts 
are being made to enhance the agricultural productivity and protect the crops from 
infestation of pests and diseases by adopting various management practices. 
Several methods have been in practice for the management of plant diseases 
caused by various pathogens which includes chemical and non-chemical methods and 
can be further classified as regulatory, cultural, physical, biological and chemical 
methods, depending on the practices employed (Sethi & Gaur, 1986; Premachandran, 
1986; Dasgupta & Ganguly, 1986; Heald, 1987). Various chemicals (fumigant and 
non-fumigant nematicides) have been used for the control of plant-parasitic 
nematodes infesting various crops (Taylor, 1975; Wright, 1981; Johnson, 1985; 
Rodriguez-Kabana, 1986; Johnson & Feldmesser, 1987). However, their frequent 
and indiscriminate use often leads to atmospheric pollution and development of 
pesticide resistance in pathogens (Delp, 1980, Brent & Hollomon, 1998; Thind & 
Chahal, 2002). In this context, innovative approaches with limited use of chemicals 
which are ecologically conscious and environment-friendly are coming up as 
alternative strategies for disease management (Chet, 1987; Weller et al., 2002). 
Management through non-chemical methods and search for ecofriendly 
pesticides from plant origin is gaining importance now days. (Singh & Sitaramaiah, 
1973; Taylor, 1975; Wright, 1981; Johnson, 1985; Rodriguez-Kabana, 1986; 
.lohnson & Feldmesser, 1987). One of the common methods used for the 
control of plant parasitic nematodes infesting various crops, especially in 
India by the use of jatropha, murraya, castor, mustard, linseed oil cakes; plant 
parts and products of neem; dry leaves, seeds, seed kernel, seed coat and seed 
powder etc. as an organic ammendment (Singh & Sitaramaiah, 1967, 1970, 1971, 
1973; Alam et al, 1980; Haseeb, 1983; Rodriguez-Kabana, 1986; Alam, 1990; 
Stirling, 1991; Akhtar & Alam, 1993; Mojumdar, 1995; Dash & Padhi, 1998; 
Singh et al, 1999; Oka & Yermiyahu, 2002; Haseeb, 2003, 2004; Walker, 
2004; Perveen et al., 2007). 
During the past three decades, researches on biological control of 
nematodes belonging to fungi and bacteria has been described, characterized 
and tested to combat various diseases caused by various pathogens and has been 
the subject of interest all over the world to improve agricultural productivity 
(Baker & Cook, 1974; Kloepper et al, 1980; Mankau, 1980 a, b, 1981; Tribe, 
1980; Jatala et al, 1980; Rodriguez-Kabana et al, 1984; Jatala, 1986; Chet, 
1987; Kerry, 1990; Stirling, 1991; Dickson et al, 1994; Stephan et al, 1998; 
Hoitink & Boehm, 1999; Meyer et al., 2001; Sharon et al, 2001; Haseeb, 
2003. 2004; Harman et al, 2004; Siddiqui & Shaukat, 2004). 
Among various biocontrol agents, Trichoderma spp. is one of the most 
widely used fungal antagonist, which is also reported to have inhibitory effect 
to nematodes especially Meloidogyne spp. (Windham er a/., 1989; Sharon et ai, 
2001; Siddiqui et al, 2001; Haseeb, 2003, 2004; Harman e/a/., 2004; Zaidi et 
ai. 2004 ; Perveen et al., 2007). 
Also, several potential bacterial antagonists were reported for the 
management of Meloidogyne spp. Number of attempts has also been made to 
identify bacteria with most interest being entered on rhizosphere inhibiting 
bacteria. Plant growth promoting rhizobacterium, Pseudomonas fluorescens 
have emerged as one of the promising group of bacteria, which are mostly 
antagonistic to Meloidogyne spp. (Baker & Cook, 1974; Papavizas & 
Lumsden, 1980; Chet et al, 1981; Bell et al, 1982; Papavizas, 1985; Baker, 1968; 
Chet, 1987; Gokte & Swarup, 1988; Weller, 1988; Oostendrop & Sikora, 1989; 
Kerry, 1990; Stirling, 1991; Cook, 1993; Shanthi & Sivakumar, 1995; Kumar 
& Mukerji, 1996; Haseeb, 2003; 2004; Zaidi et al, 2004; Perveen et al, 2007; 
Amine? a/., 2010). 
A literature review revealed that a number of workers have studied the effect 
of root-knot nematodes on the growth and yield of various crops (Webster, 1972; 
Sitaramaiah, 1984; Haseeb & Butool, 1989; Sasser, 1989; Haseeb & Pandey, 1989 a, 
b, c; Haseeb & Shukla, 2000, 2001; Luc et al, 2005); the effects of Sclerotinia on 
several crops (Abawi & Grogan, 1979; Purdy, 1979; Tu, 1987; Grau, 1988; Sala etal, 
1996) and on disease complexes of root-knot nematodes and soil-borne fungi (Powell, 
1971; Garcia & Mitchell, 1975; Golden & Van Gundy, 1975; Griffin, 1986; 
MacGuidwin & Rouse, 1990; Walker et al, 1999; Back et al, 2002). However, 
studies regarding the quantification of damage due to the infestation of S. 
sderotiorum and M. incognita alone on P. ovata have not been studied. Also, the 
pathogenicity of these pathogens was not yet established on different cultivars of P. 
11 
ovuta. Similarly, studies regarding the combined effect of M incognita and S. 
scleroliorum on growth and yield of isabgol were determined. Studies regarding the 
management of M. incognita and S. sclerotiorum alone and in combination have not 
been made so far. 
Keeping in view, the importance of this crop, an ever-increasing demand for 
isabgol in pharmaceutical industries, and the damaging potential of M. incognita and 
.S', sclerotiorum alone and in combination, the following studies were undertaken. 
• Isolation and specific identification of species of Meloidogyne and Sclerotinia 
associated with diseased plants of Plantago ovata 
• To determine the effect of different initial inoculum levels of M incognita on 
plant growth, root-knot development and seed yield of P. ovata 
• To determine the effect of different initial inoculum levels of S. sclerotiorum 
on plant growth, percent-root infection and seed yield of P. ovata 
• To determine the interactive effects of M. incognita and S. sclerotiorum 
disease complex on plant growth and disease development of P. ovata 
• To determine the effect of Trichoderma harzianum (TH-H-3), Pseudomonas 
fluorescens (PS-4), Jatropha cake and Bavistin alone and in combination on 
plant growth and root-knot development against M. incognita on P. ovata 
• To determine the effect of T. harzianum (TH-H-3), P.fluorescens (PS-4), 
.latropha cake and Bavistin alone and in combination on plant growth and 
percent-root infection against S. sclerotiorum on P. ovata 
• To determine the effect of T. harzianum (TH-H-3), P. fluorescens (PS-4), 
jatropha cake and bavistin alone and in combination on plant growth, root-
knot development and percent-root infection against M incognita and S. 
sclerotiorum disease complex on P. ovata 
12 
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CHAPTER- 2 
REVIEW OF LITERATURE 
The World Health Organization (WHO) estimated that 80% of the population 
of developing countries rely on traditional medicine mostly plant drugs, for their 
primary health care needs medicinal plants being natural, non-narcotic, having no 
side-effect of any range of safe, cost effective, preventive and curative, therapies 
which could be useful in achieving the goal of "Health for All" in a cost effective 
manner. Demand for medicinal plants is increasing in both developing and developed 
countries but 90% harvested from wild sources without applying scientific 
management. Hence many species are under threat to become extinct. Medicinal 
plants occupy an important position in the socio-cultural, spiritual and medicinal 
arena of rural people of India. Their sustainable management and harvesting can 
conserve biodiversity, sustain human and environmental health, generate employment 
and enhance export earnings. According to a report of Planning Commission (2000), 
International market of medicinal plants is over US$660 billion per year, which is 
growing at the rate of 7%. The global market for botanical and plant derived drugs is 
expected to increase from $ 19.5 billion in 2008 to $ 32.9 billion in 2013, a compound 
annual growth rate (CAGR) of 11 % (www. bccresearch.com). China and India are 
two great producers of medicinal plants having more than 40% of global diversity. 
There is thus enormous scope for India also to emerge as a major player in the global 
herbal product based medicines. However, this requires a grand strategic plan, which 
takes a holistic view of the entire situation to boost the export of Rs. 10,000 crores by 
2010 and minimizing the import. 
Recently interest has been generated globally on the large scale commercial 
cultivation of various medicinal and aromatic plants because of its remunerative value 
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due to the increasing demand in cosmetics, flavouring, perfumery and pharmaceutical 
industries (Husain, 1983). Among the various medicinal and aromatic plants, isabgol 
cultivation has gained its importance to meet the requirements of pharmaceutical 
industries and flavoring and to earn foreign exchange by way of export as India is the 
largest producer of isabgol and exports seed and husk worth Rs. 160 crores annually 
(Bussinessworld, 2009). According to a report of FAO, 2009, the isabgol is being 
cultivated globally in an area of 5383032 ha yielding 63.75 q/ha seed husk. The total 
production of isabgol was recorded 34.32 lac tonnes/annum. In India it is cultivated in 
an area of approximately 150,000 ha (Kumar et ah, 2009). Out of various isabgol 
cultivating states of India, it is grown in an area of approximately 50,000 ha, mainly 
in Banaskantha and Mehsana districts of Gujarat and some parts of southern 
Rajasthan. This crop is subjected to the attack of several pest and diseases. Among 
various pathogens, plant-parasitic nematodes and soil-borne fungi are major threat to 
the cultivation of isabgol. 
Nematodes are the most numerous multicellular animals on earth. A handful 
of soil will contain thousands of the microscopic worms, many of them parasites of 
insects, plants or animals. The word "Nematoda" comes from the Greek words 
""nema"', meaning "thread", and ''aides'", meaning "form". They are ubiquitous in 
freshwater, marine, and terrestrial environments, where they often outnumber other 
animals in both individual and species counts. They are found in locations as diverse 
as Antarctica and oceanic trenches. 
Plant-parasitic nematodes constitute only 10 per cent of the total species. A 
plant may be attacked by one or more species at a time during the period of growth. 
Plant-parasitic nematodes attacks each and every portion of the plants viz., roots. 
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stems, leaves, inflorescens, fruits and seeds (Goodey et al., 1965; Webster, 1972; 
Lamberti & Taylor, 1979; Sitaramaiah, 1998; Ploeg, 2001). They produce disease 
symptoms on susceptible hosts and reduce yield and quality of crops such as 
vegetables, oil-seeds, horticultural crops, ornamentals, fibers, plantations, medicinal, 
and aromatic plants (Goodey et al, 1965; Webster, 1972; Lamberti & Taylor, 1979; 
Basu & Sukul, 1983; Sitaramaiah, 1994; Haseeb, 1992, 1994; Luc et al, 1993; Singh 
&Haseeb, 1998). 
According to the report of Sasser & Freckmaim (1987), the most 
common genera of plant-parasitic nematodes are: Meloidogyne spp., Heterodera spp., 
Globodera spp., Nacobbus spp., Aphelenchoides spp., Pratylenchus spp., Ditylenchus 
spp., Xiphinema spp., Longidorus spp., Trichodorus spp., etc. which are associated 
with the diseases of crops and they cause severe damage to crop yield. 
There is hardly any agricultural crop, which does not suffer damage from at 
least one genera/ species of the plant-parasitic nematodes. Plant parasitic nematodes 
are known to affect the production and economy of the crops in a number of ways: (i) 
reduction in quantity and quality of crops (ii) need of additional fertilizer, water and 
application nematicides and (iii) impediment of production and trade by phytosanitary 
regulations (Weischer, 1967). The losses they caused to the productivity of 
agricultural crops, is estimated around 10-12%. However, the losses vary with crop to 
crop. 
Among the above mentioned nematodes, the root-knot nematode 
{Meloidogyne spp.) is considered to be the most devastating one and present 
throughout the world and affect the productivity of every kind of crops like legumes, 
cereals, vegetables, oilseeds, horticultural crops, ornamentals, medicinal and aromatic 
plants etc. (Webster, 1972; Sasser & Carter, 1985; Haseeb, 1992, 1994; Stirling et al. 
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1992; Luc et al, 2002). As per the global survey reports available, there are four 
species of Meloidogyne (M incognita, M. javanica, M. arenaria and M. hapla) which 
are considered to be the major pest of the world (Eisenback & Triantaphyllou, 1991). 
Approximately more than 2000 plants are infected by root-knot nematodes and they 
cause an estimated crop loss to the tune of 5% on global basis (Sasser & Carter, 
1985). 
The ability to predict losses expected from a given nematode population is 
essential in making management decisions (Barker et al, 1985). It is established that 
increasing nematode population densities can progressively decrease crop 
performance and there is a minimal threshold density below which no measurable loss 
in yield occurs. Studies pertaining to such relationship have been conducted with 
several nematode-crop/plant systems. Chitwood (1951) provided the first quantitative 
data, which showed that M. hapla suppressed the growth and yield of tomato. Most of 
the information is based on the studies carried out in pots or micro-plot experiments 
(Shaffie & Jenkins, 1963; Appel & Lewis, 1984; Di Vito et al, 1985; Haseeb, 1992, 
1994, 2003, 2004; Singh & Nath, 1996; Mahapatra et al, 1999; Singh & Hasan, 2002; 
Kumar & Haseeb, 2006). 
Haseeb et a/. (1988) studied the effects of different Pi of M incognita on the 
growth and oil yield of Ocimum basilicum cv. French. Maximum reduction in dry 
weight of plant (54.57%) and oil yield (50%) was found at highest Pi (10,000 
J2/plant). Maximum Rf (54.16) of M incognita was observed at Pi 50 J2/plant and was 
inversely proportional to initial population densities. 
Haseeb & Butool (1989) established the pathogenicity of M incognita on 
Ocimum sanctum. They reported that the fresh and dry weight and the total oil yield 
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of O. sanctum were negatively correlated with the Pi, whereas, the nematode 
reproduction was density dependent. 
Haseeb & Pandey (1990) determined the pathogenic effect of various Pi of M 
incognita on Artemisia pallens and reported that with the increase in Pi of the 
nematode resulted in corresponding decrease in shoot height, root length, fresh/dry 
root-shoot weight and oil yield. Highest decrease in fresh (63.87%) and dry weight 
(70.57%) of the plant was observed at highest Pi of 1S,000 Js/kg soil. The root-knot 
development was directly proportional to the increase in nematode population. 
Haseeb et al. (1990) determined the influence of 0, 50, 250, 500, 2,500, 5,000, 
7,500, 10,000, 12,500 and 15,000 J2 of M incognita/kg soil on the root-knot disease 
development, nematode multiplication, growth of Hyoscyamus niger plant, total 
alkaloid yield, physiological responses (total chlorophyll content, CO2 exchange rate) 
and concentration of sodium, potassium, iron, manganese, copper and zinc 90 days 
after inoculation. They have reported that with the increase in Pi(s), there was a 
corresponding decrease in fresh and dry plant weight, total alkaloid yield, total 
chlorophyll content, photosynthetic rate, sodium, potassium, iron, manganese, copper 
and zinc concentrations in roots and shoots except for sodium and potassium, which 
decreased in shoot. The highest percent reduction in all the characters was obtained 
when plants were inoculated with the highest nematode inoculum. The relation 
between Pi and Pf showed a maximum reproduction rate of M. incognita at Pi of 50 
J2/plant. 
Butool & Haseeb (1992) determined the effect of different Pi of M incognita 
on the yield of Trachyspermum ammi. The increase in inoculum potential of the 
nematode resulted in corresponding decrease in plant length, fresh and dry weight of 
root and shoot. The highest root-knot galling on T. ammi was found at 2500 Ja/kg soil. 
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but with further increase in nematode inoculum the root-knot gaUing did not increase 
further. 
Pandey et al. (1992) conducted an experiment in green house to determine the 
effect of graded population densities of M incognita on the growth, yield of M. 
arvensis var. MAS-1 and reproduction of the nematode. Studies indicated that an 
increase in Pi of nematode causes a considerable reduction in root-shoot length, fresh 
and dry weight, chlorophyll a, b and total, rate of photosynthesis and oil yield of the 
crop. The rate of nematode reproduction was found to be density dependent. 
Haseeb et al. (1993, 1996) determined the pathogenic potential of different Pi 
of M incognita on O. basilicum and O. canum. They found that the growth and oil 
yield of both species of Ocimum was decreased significantly at lowest Pi of M 
incognita (500 J2). Reduction in growth and oil yield was reported directly 
proportional to Pi while Rf of the nematode was inversely proportional to Pi levels. 
However, root-knot development was found directly proportional to Pi levels. 
Kumar & Singh (1997) studied the influence of different Pi of M incognita on 
the growth and yield of M arvensis cv. Shivalik. They found that there was 
progressive reduction in length and weight of shoot and root/sucker and oil yield with 
the increase in Pi. 
Haseeb et al. (1999) studied the influence of Pi of M incognita on growth, 
physiological/biochemical changes and oil yield of O. sanctum cv. Shyama under 
glasshouse conditions. An inversely proportional relationship was observed between 
Pi and fresh and dry weights, total chlorophyll, sugar, phenol and oil content of O. 
.sanctum. The intensity of root galling was directly proportional to the increase in Pi. 
Highest reduction in all the growth parameters was observed in plants inoculated with 
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highest Pi (2.1 hig of soil). The highest Rf (20.37) was found in plants inoculated 
with lowest Pi (0.1 Ja/g of soil). 
Haseeb & Shukla (2000) studied the effect of Pratylenchus thornei and M. 
incognita, alone and in combinations on the growth and oil yield of M. arvensis and 
M cardiaca. They observed the influence of all the Pi of P. thornei and M. incognita 
on the growth and oil yield of M. arvensis was inversely proportional and highly 
significant. M. incognita suppressed plant growth more severely than P. thornei at 
equal Pi. Final nematode population of P. thornei and M. incognita was increased 
with the increase in Pi, whereas, Rf decreased with the increase in Pi. 
Khan et al. (2001) studied the effect of different Pi of M incognita race-2 on 
onion. They reported significant reduction in foliage and weight of onion bulbs of all 
the inoculated plants as compared to uninoculated plants. The highest Rf was 
observed at the Pi of 10 J2/5OO cm-^  soil. 
Pandey (2003) for the first time determined the pathogenic potential of M 
incognita on safed Musli {Chloropkytum borivillianum) under pot conditions at 
Central Institute of Medicinal and Aromatic Plants, Lucknow. He reported that, as 
result of inoculation of M. incognita, the root-knot development was very prominent 
alongwith the egg-masses on its root systems. 
Kumar & Pathak (2004) observed the adverse effect of M. incognita on the 
seed germination, seedling emergence and plant growth of spinach (Beta vulgaris 
hengalensis) and fenugreek {Trigonella foenum graceum) @ 500 J2/kg soil. Also 
found an increase in number of galls and total nematode population with increase in 
Pi from 50 to 500 Ji/kg soil. 
Haseeb et al. (2005a) determined the effect of different Pi viz. 0, 100, 250, 
1000, 2500, 5000 and 10,000 Ja/kg soil of M. incognita on the plant growth and yield 
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of Vigna radiata cv. ML-1108 under pot conditions. Significant reduction in plant 
growth and yield parameters was observed at and above 500 Ji/kg soil as compared to 
uninoculated plants. Highest reduction in shoot fresh weight (30.0%), shoot dry 
weight (52.0%), root dry weight (51.21), seed weight (52.7%o) and husk weight 
(52.0%) was observed at highest Pi of 10,000 J2/kg soil. 
Haseeb et al. (2006) determined the effect of different Pi of M. incognita on 
M arvensis cv. Gomti There was a positive relationship between the Pi of M. 
incognita and reduction in shoot-root/sucker fresh and dry weight, oil yield, total 
chlorophyll, total phenol and total sugar content of fresh leaves. The highest reduction 
in corresponding parameters was recorded at the highest Pi (25,000 J2/5kg Soil) as 
compared to uninoculated control. There was a negative relationship between Pi and 
Rf. Maximum Pf (1, 33, 4.30) and RKI (3.0) were observed at the highest Pi (25,000 
J2/5kg soil) whereas, maximum Rf was observed at lowest Pi (500 J2/5kg Soil). 
Kumar & Haseeb (2006) studied the pathogenic potential of M. incognita on 
chilli cv. Jwala at different Pi viz., 0, 500, 1250, 2500, 5000, 7500 and 10,000 J2/4 kg 
soil under pot conditions. They reported that reduction in all growth parameters 
increased with the corresponding increase in Pi. The significant reduction in all 
growth parameters was observed at the lowest Pi (500 J2/4 kg soil) as compared to 
uninoculated control. Maximum reduction in number of fruits, fruit weight, shoot 
height, root length, shoot-root fresh and dry weights was 38.3, 40.0, 26.8, 33.5, 30.4, 
33.8, 33.2 and 37.3% respectively at highest Pi (10,000 J2/4 kg soil) as compared to 
uninoculated control. The Pf of nematode in roots and soil and RKI were increased 
with the corresponding increase in Pi, while the Rf was decreased. Highest RKI (3.8) 
was observed at the highest Pi, whereas highest Rf (10.9) was observed at lowest Pi. 
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Perveen et al. (2006) studied the pathogenic potential of M. incognita on M. 
arvensis cv. Gomti. Results revealed that there was a positive relationship between the 
Pi of M incognita and reduction in shoot-root/sucker fresh and dry weights, oil yield, 
total chlorophyll, total phenol and total sugar content of herb. The highest reduction in 
corresponding parameters was recorded at the maximum Pi (25000 Ji/Skg soil) as 
compared to uninoculated control. There was a negative relationship between 
different Pi and Rf Highest Pf (1, 33,430) and RKI (3.00) were observed at the 
highest Pi (25000 J2/5kg soil), whereas highest Rf was observed at minimum Pi (500 
J2/5kg soil). 
Senthamarai et al. (2006 c) studied the pathogenic potential of M incognita on 
Coleus forskohlii and the results indicated that the Pi of 10 Ja/plant was sufficient to 
induce gall formation in C. forskohlii and the nematode population increases with the 
increase in inoculum levels. 
Khan et al. (2008) studied the pathogenic potential of M. javanica infecting 
Chlorophytum horivilianum and their studies revealed that the inoculation of M. 
javanica pathotype-1 @ 10 J2/IOOO cc soil caused significant reduction of fascicule 
weight. The Rf (5.54) of the nematode was found at 500 h but there was no effect on 
the weight of fresh leaves. 
Fungi are one of the most important pathogens causing severe yield losses to 
agricultural crops (Agrios, 2005). The great potential to adopt a wide range of 
conditions makes them an important group of pathogens (Swarup, 1990). More than 
70,000 species of fungi have been described and it has been estimated that 1.5 million 
species may exist (Hawksworth, 1991; Hawksworth et al., 1995) and more than 
10,000 species of fungi are found to be capable of causing plant diseases. Almost each 
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and every crop is parasitized by one or more species of fungi and each of the parasitic 
fungi often attack various crops (Agrios, 2005). 
Ten fungal genera have been recognized and they play a major role in the root 
disease complexes causing seed decay, damping-off, root-rot, seedling blight, 
collar/crown/foot-rot and wilt (Cook & Baker, 1983). Among them, soil-borne fungi 
viz., Fusarium spp., Rhizoctonia spp., Sclerotinia spp., Pythium spp., Pochonia spp., 
etc. are the non-specific and most destructive plant pathogens occurring globally and 
causing various maladies starting from seed decay, damping-off, root and stem rots, 
wilt, canker, sheath blight and ear rot in various plants (Parmeter, 1970; Sen, 2000). 
Sclerotinia sclerotiorum is one of the most nonspecific, devastating and 
cosmopolitan soil-borne fungi. Plants susceptible to this pathogen encompass almost 
more than 500 plant species found worldwide in 75 families (Purdy, 1979; Boland & 
Hall, 1994). The disease caused by Sclerotinia are known under a variety of names, 
such as cottony rot, white mold, watery soft rot, stem rot, drop, crown rot and blossom 
blight among others (Chupp & Sherf, 1960; Walker, 1969; Abawi & Grogan 1979; 
Purdy, 1979; Tu, 1986; Sattar et al., 1995; Agrios, 2005). The sclerotia (2-10 mm) 
are white at first but later become black and hard on the outside usually more 
flattened and elongated than spherical. 
This fungus produces the symptoms on leaves usually have water-soaked 
lesions that expand rapidly and move down the petiole into the stem. Infected stems 
of some species initially develop dark lesions whereas the early symptom in other 
hosts is the appearance of water-soaked lesions. On stems, lesions usually develop 
into necrotic tissues that subsequently develop patches of fluffy white mycelial 
growth in which soon afterward develop large, compact resting bodies or sclerotia. 
The sclerotia overwinters on or within infected tissues and all infections are initiated 
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by ascospores (Blodgett, 1946; Hungerforts & Pitts, 1953; Steadman, 1975; Grau, 
1988; Farr et al., 1989; Lu, 2003; Mehrotra, 2003; Agrios, 2005; Saharan & Mehta, 
2008; Singh, 2009; Mukerji, 2010). The majority of host species are dicotyledonous, 
although a number of agriculturally significant monocotyledonous plants are also 
hosts and cause huge amount of losses both in the field and post-harvest (Willet & 
Wong, 1980). Moreover, in the past, several workers has also worked exclusively on 
various aspects of Sclerotinia spp. on a number of crops such as alfalafa, dry bean, 
cabbage, canola, lettuce, peanut, soybean, sunflower, dry beans, potato, ajwain, 
mentha etc. (Blodgett, 1946; Hungerforts & Pitts, 1953; Sackston, 1960; Partyka & 
Mai, 1962; Nicholson, 1972; Steadman, 1975; Abawi & Grogan, 1979; Huang &, 
Dueck, 1980; Stovold & Priest, 1986; Farr et al, 1989; Grau, 1988; Akem, 1990; 
Sattar et a/., 1993; Sattar & Alam, 1995; Paul, 1996; Singh et al, 1997; Hartman et 
al, 1998; Hoffman et al, 1998; Charchar et al, 1999; Cother, 2000; Shivpuri & 
Gupta, 2001; Lithourgidis et al, 2003). 
Natti (1971) made a study during three seasons for the first occurrence and 
subsequent development and spread of white mold disease caused by 5. sclerotiorum 
in snapbean plantings in 12 fields. He concluded that the epidemics of white mold 
occurred 8 to 14 days after full bloom irrespective of planting dates and 
environmental conditions during the blossom period. 
Sehgal & Agrawat (1971) confirmed pathogenicity of 5. sclerotiorum on one-
month-old Foeniculum vulgare plants by inoculating 8 days old culture. They noted 
the symptoms as water soaked specks around the stem at ground level, appeared 10 
days after inoculation, which gradually enlarged by advancing upward and 
downwards. The young plants showed drooping and toppled down within 7 days after 
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appearance of initial symptoms. However, the older plants resisted to the attack of 
pathogen for longer time, but uhimately collapsed. 
Watson et al. (1974) proved the pathogenicity of 5. sclerotiorum on Centaurea 
diffusa and C. maculosa by inoculating the hyphal suspension of S. sclerotiorum. 
They reported that the typical wilt symptoms appeared after 10 days of inoculation. 
Basal leaves of mature plants and all leaves of rosettes and seedlings died due to 
fungal attack. The sclerotia were observed within the root crovm of mature plants 
after three weeks of inoculation. 
Abawi & Grogan (1979) observed a positive correlation between the plant age 
of P. vulgaris and percent parasitism by S. sclerotiorum inoculum (apothecia). There 
was an increase in percentage of infected plants with the increase in duration of 
parasitism by the fungus. The incidence of disease was found to be more severe in the 
older than the younger plants. 
Adams & Tate (1975 & 1976) while studying the effect of various Pi of S. 
sclerotiorum and soil moisture fluctuations on the incidence of lettuce drop and noted 
the highest incidence of the diseases in the field when inoculum density ranged 
between 0-20 sclerotia/100 g soil. However, in green house 250 sclerotia/100 g soil 
was required for the expression of same level of disease incidence. 
Dorrell & Huang (1978) studied the effect of sclerotia on the wilt development 
on sunflower and observed that the wilt symptoms was 7% at anthesis and it was 60% 
at eight weeks after the initiation of flowering. The losses in seed yield were 98, 70 
and 12% when plants were infected one week, three to four weeks and 8 weeks, 
respectively after anthesis. Sixty-four percent reduction in seed weight of infected 
plant was observed after one week of anthesis. The oil content was also reduced upto 
30% in plants inoculated two weeks after anthesis. 
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Huang (1983), while studying the pathogenic potential of two different strains 
of S. sclerotiorum (tan sclerotial and black sclerotial) on the disease incidence in 
sunflower, found that the seedlings of sunflower were more infected and killed by tan 
sclerotial strain than black sclerotial strains. He also noted that tan sclerotia survived 
poorly in soil under green house and field conditions. 
Ramsey & Lorbeer (1986) reported that Botrytis (Sclerotinia) squamosa 
infected a higher percentage of onion florets than either B. cinerea or B. allii, when 
umbels with all the florets unopen or umbels with two-thirds of the florets open were 
inoculated in a dew chamber. They also observed that S. squamosa infected the florets 
more than B. cinerea or B. allii at all concentrations of inoculum tested in the study. 
Tu (1987) reported that the epidemiology of 5. sclerotiorum in navy bean 
depends on several factors such as, soil inoculum, soil moisture, rainfall, cultivar 
susceptibility, and row width and plant density. He found that the fields with high 
inoculum density and soil moisture showed high disease incidence. However, the 
reduction in row width and increase in plant density also increased the disease 
incidence. It was further observed that in a susceptible cultivar (Fleetwood), the 
percentage of infected plants increased from 0 to 100% in 4 weeks in 80 cm row 
planting, while in a tolerant cultivar (ExRico 23), the disease progressed from 0 to 
35%. 
Studies conducted by Grau (1988) revealed that an estimated yield loss of 230 
lb/acre at 10 percent incidence of Sclerotinia stem rot in soybean crop and observed a 
linear relationship between yield and disease severity. 
Gulya el al. (1989) studied the effect of head rot caused by S. sclerotiorum on 
seed yield, seed weight and oil content of sunflower in 25 different fields of North 
Dakota, Canada. In "oil seed sunflower", the head rot was found to be responsible for 
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31% reduction in yield, 10% in seed weight and 2% in oil content, whereas, in 
"confection sunflower", the yield reduction per head and seed weight was 36 and 11% 
respectively. 
Sattar & Alam (1993), while studying the pathogenicity of S. sclerotiorum on 
Trachyspermum ammi, reported 80% mortality of plants as a result of infection by the 
pathogen. 
Sala et al. (1994) determined the effect of Sclerotinia mid-stalk rot on various 
components of yield as well on oil content of sunflower. S. sclerotiorum was found to 
inflict an average 35% reduction in seed yield, 24% fewer seeds/head, 15% decrease 
in weight 1000/seed and 6%) reduction in oil content in 6 different sunflower hybrids 
as compared with healthy plants. 
Sattar et al. (1995) tested the pathogenicity different isolates of S. 
sclerotiorum on various hosts i.e. Egyptian henbane, black henbane, French basil, 
Sowa and Damask rose in glass-house conditions. The experimental results showed 
that all host plants were highly susceptible to infection exhibiting visible symptoms of 
the disease on the tested plants. 
Sala et al. (1996) studied yield losses of sunflower due to S. sclerotiorum head 
rot under field conditions in Argentina. They found different levels of disease 
intensity (percentage of diseased plants) in 5 commercial hybrids under different 
environmental conditions. They reported that the highly positive correlations occurred 
between percentage of diseased plants and reduction in seed yield (r = 0.76) and 
between increased dackage (r = 0.67) and oil acidity levels (r = 0.58). Yield reduction 
estimates varied among the hybrids, suggesting that they varied genetically in their 
disease tolerance. 
26 
Mandal & Geetha (2001) for the first time reported the downy mildew 
infection caused by Pseudoperonospora plantaginis on different developmental stages 
of isabgol which resulted into various morphological changes and also the spikes were 
found infected. 
Ghasolia & Shivpuri (2009) studied the pathogenic potential of S. 
sderotiorum with regard to influence of the age of host plants on Sclerotinia rot of 
mustard, it was found that younger plants i.e. upto age of 40 days were highly 
susceptible showing higher range of disease incidence (52.5-84%) as compared to 
older ones. 
Perveen et al., (2010) determined the effect of S. sderotiorum on the disease 
development, growth, oil yield and biochemical changes in the plants of M arvensis. 
With the increase in Pi of S. sderotiorum a corresponding decrease in plant fresh and 
dry weights were recorded. The maximum reduction in the shoot-roots/suckers fresh 
weight and shoot-roots/suckers dry weights (39.8%, 43.6%, 40.3% and 42.9%), 
respectively, was observed at the highest Pi of 12g fungal mycelium/5 kg soil as 
compared to uninoculated control. The infection of roots and suckers due to S. 
sderotiorum increased with increasing Pi. At the lowest initial inoculum (l.Og 
mycelium/5 kg soil), infection was observed 18.0% and at the highest (12g 
mycelium/5 kg soil), it was 80.2%. Significant (P < 0.01) reduction in oil yield, total 
chlorophyll, total phenol and total sugar content of M arvensis plants was observed at 
the lowest Pi as compared to uninoculated control. 
In the nature, plants are never attacked by a single pathogen (Fawcett, 1931); 
they are generally exposed to multi pathogenic conditions. Plant-parasitic nematodes 
are pathogens in their own right and are capable of producing recognizable disease 
symptoms on an appropriate susceptible host. Most of the diseases caused by 
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nematodes are debilitating. Atkinson (1892) for the first time reported that the 
infection by root-knot nematodes considerably increased the incidence and severity of 
Fusarium wilt in cotton. However, when they interact with other pathogenic 
organisms the disease picture drastically altered. It changes from debilitating to 
annihilating (Powell, 1963, 1971, 1979; Bergeson, 1972, Haseeb, 1983, Haseeb et al, 
2003). The varieties bred resistant against fiingal attack become susceptible in the 
presence of a nematode (Atkinson, 1892; Neal, 1954; Melendez & Powell, 1965, 
1967; Porter & Powell, 1967; Powell, 1971; Sumner & Johnson, 1973; Luc et al, 
1993). Soil inhabiting fungi such as Pythium, Curvularia, Botrytis, Aspergillus and 
Penicillium species, which are normally not pathogenic on healthy tobacco roots, 
become pathogenic on roots infected by root-knot nematode (Powell et al, 1971). 
The literature on nematode-fungal interaction has been reviewed by Pitcher 
(1963, 1965), Miller (1965), Porter & Powell (1967), Melendez & Powell (1965, 
1967), Powell (1968, 1971, 1979), Powell & Batten (1969), Bergeson (1972), Sidhu 
& Webster (1977), Norton (1978), Lamberti & Taylor (1979), Haseeb (1983), Sikora 
(1984), Webster (1985), Mai & Abawi (1987), Sasser (1989), Luc et al. (1993), Evans 
& Haydock (1993), Walker et al. (1999), Back et al. (2002), Haseeb (2003). 
Chand & Tripathi (2002) determined the effect of M incognita (100 and 1000 
Ji/kg soil) and R. solani (1.0, 1.5 and 2.0 g mycelium/kg soil) on the root rot 
incidence of tomato cv. Hisar Arun. They found the synergistic effect ofR. solani and 
M. incognita in causing root rot of tomato. Inoculation of 1.0 g fresh mycelium of/?. 
solani and 100 J2 of M incognita resulted in 55.59% disease incidence. The disease 
incidence was increased up to 98.80% when seedlings were inoculated with 2.0 g 
fresh mycelium of fungus and 1000 J2/kg soil. 
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Perveen et al. (2007) studied the single, concomitant and sequential 
inoculations of M. incognita (5000 J2/kg soil) and S. sderotiorum (3g mycelium/5kg 
soil) on the growth and oil yield of M arvensis cv. Gomti and disease development. 
The studies revealed that the highest reduction in shoot-root/ sucker dry weight, oil 
yield, chlorophyll, total phenol and total sugar was observed in plants inoculated 
concomitantly with the nematode and fungus followed by nematode seven days prior 
to fungus and fungus seven days prior to nematode respectively. Highest reproduction 
rate of M incognita and root-knot index was observed in plants inoculated with 
nematode alone. Whereas, highest root/suckers infection by the fungus was observed 
in plants inoculated concomitantly with the nematode and fungus. 
Samuthiravalli & Sivakumar (2008) studied the interactive effect of M. 
incognita and F. oxysporum f sp. lycopersici on tomato cv. CO-3 under glass house 
conditions. They reported that the effect of nematode along with the fungus enhanced 
the suppression of plant growth than that of the fungus alone. Highest reduction in 
plant height (33.08 cm) was observed in nematode fungus simultaneously inoculated 
plants. 
Pest management can be defined as a practice whereby population of 
phytopathogenic microorganisms is maintained at levels that do not inflect economic 
losses. Several methods have been in practice for the management of plant diseases 
caused by various pathogens which includes chemical and non-chemical methods and 
can be further classified as regulatory, cultural, physical, biological and chemical 
methods, depending on the practices employed (Sethi & Gaur, 1986; Premachandran, 
1986; Dasgupta & Ganguly, 1986; Heald, 1987). 
In the modern age of intensive cropping, the disease problems become one of 
the important limiting factors for the crop production and despite of various adverse 
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effects of chemical nematcides, still they are most effective means of nematode 
management and form an essential component of various inputs for increasing the 
crop productivity (Johnson, 1985). Basically, there are two types of chemicals used in 
nematode management: Soil-fumigants and non-fumigants or contact nematicides 
(Wright, 1981; Johnson, 1985; Johnson & Feldmesser, 1987). Soil fumigants 
began to be used extensively shortly after the introduction of 1, 2 -dichloropropene 1, 
3-dichloropropene (DD soil fumigant) in the mid 1940s. Within a few years ethylene 
dibromide (EDB), l,2-dibromo-3-Chloropropane (DBCP) and bromomethane (MBr) 
were formulated as soil fumigants. (Mc Beth, 1954; Raski, 1954). Non-fumigant 
chemicals were field tested for nematicidal activities during late 50s and early 60s. 
These chemicals, usually carbamates or organophosphates are non-volatile, 
carbamates include carbofuran, aldicarb, oxamyl, etc. while organophosphates include 
fensulphothion, ethoprop and fenamiphos (Miller, 1966; Disanzo, 1982; Heald, 1987). 
The mechanism of action of various nematocides has been given by (Miller, 1966; 
Wright, 1981; Disanzo, 1982; Johnson, 1985; Johnson & Feldmesser, 1987; 
Heald, 1987) about the probable mode of action regarding the reduction in nematode 
population. Reduction in nematode population in nematicide treated soil may be due 
to their interference with different developmental stages of nematode, decrease in 
hatching, mortality and delay in molting process, as well as reduction in production of 
eggs, orientation to food source, feeding, root-invasion, male orientation to female, 
mobility and reproduction (Atilano & Van Gundy, 1979). Although numerous 
chemicals have been tested for nematicidal properties, very few have been 
developed and even fewer are currently used in managing plant parasitic 
nematodes (Heald, 1987). 
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Various organic additives of plants are knovra to be nematode-suppressive and 
can be effectively used for management of nematodes. It includes oilcakes, leaves, 
sawdust, sugarcane bagasse, bone meal, horn meal, compost, and certain green 
manures. There is substantial evidence that the addition of organic matter in the form 
of compost or manure will decrease nematode pest populations and associated 
damage to crops (Singh & Sitaramaiah, 1967, 1970, 1971, 1973; Alam et al., 
1980; Haseeb, 1983; Rodriguez-Kabana, 1986; Alam, 1990; Stirling, 1991; 
Akhtar & Alam, 1993; Mojumdar, 1995; Dash & Padhi, 1998; Singh et al, 
1999; Oka & Yermiyahu, 2002; Haseeb, 2003, 2004; Walker, 2004; Perveen 
et al., 2007; Kumar et al, 2011). 
Several nematicides have been withdrawn from the market because of health 
and environmental problems associated with their production and use (Thomason, 
1987). As a result, there has been increasing public concern over the use of pesticides 
in food production, there has been increased interest in the development of alternative 
methods of control, including the use of biological control agents which has the 
significant effects on the prospects and opportunities for the control of plant-parasitic 
nematodes. 
Among various biocontrol agents, Trichoderma spp. is one of the most 
widely used fungal antagonist, which is also reported to have inhibitory effect 
to nematodes especially Meloidogyne spp. Trichoderma spp. is known to produce 
a number of antibiotics, such as trichodermin, trichodermol, harzianum A, 
harzianolide, alkyl pyrones, isonitriles, polyketides, peptaibols, diketopiperazines, 
sesquiterpenes and steroids. They are frequently associated with both biocontrol 
activity and promotion of plant and root growth. It is also reported to have 
inhibitory effect to nematodes especially Meloidogyne spp. (Windham et al, 
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1989; Sharon et al, 2001; Siddiqui et al, 2001; Haseeb, 2003, 2004; Harman 
et al, 2004; Zaidi et al, 2004 ; Perveen et al, 2007; Kumar et al, 2011). 
Also, several potential bacterial antagonists were reported for the 
management of Meloidogyne spp. Number of attempts has also been made to 
identify bacteria with most interest being entered on rhizosphere inhibiting 
bacteria. Plant growth promoting rhizobacterium, Pseudomonas fluorescens 
have emerged as one of the promising group of bacteria, which are mostly 
antagonistic to Meloidogyne spp. (Baker & Cook, 1974; Papavizas & 
Lumsden, 1980; Chet et al, 1981; Bell et al, 1982; Papavizas, 1985; Baker, 1968; 
Chet, 1987; Gokte & Swarup, 1988; Weller, 1988; Oostendrop & Sikora, 1989; 
Kerry, 1990; Stirling, 1991; Cook, 1993; Shanthi & Sivakumar, 1995; Kumar 
& Mukerji, 1996; Haseeb, 2003; 2004; Zaidi et al, 2004; Perveen et al, 2007; 
Amine/a/., 2010; Kumar et al, 2011). 
Haseeb et al. (1988) studied the comparative efficacy of aldicarb (2.0 mg 
a.i./kg soil), carbofuran (1.5 mg a.i./kg soil) and carbendazim (1.0 mg a.i./kg soil) and 
neem and mahua cake (1.0 g N/kg soil) to control the M. incognita in O. basilicum. 
Various treatments showed an increase in the total plant length, fresh/dry weight and 
oil yield. However, neem cake provided the greatest improvement in plant growth, 
following the order of decreasing efficacy of aldicarb, carbendazim, mahua cake and 
carbofuran. 
Haseeb & Butool (1993) determined the effect of aldicarb, carbendazim, 
carbofuran, ethoprophos and ebufos @ 4 kg a.i./ha, and oil cakes of linseed, mustard 
and neem @ 1 g N/kg soil on M. incognita parasitizing T. ammi. In general, all the 
treatments were able to reduce the root-knot development and nematode population 
and increase the plant fresh and dry weight. Best results in terms of reduction in root-
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knot index and improvement in plant growth were achieved in plants treated with 
ethoprophos followed by carbofuran, neem cake, carbendazim, ebufos, mustard and 
linseed cakes respectively. 
Mahapatra & Mohanty (2003) conducted nursery and field experiments to 
determine the efficacy of P. fluorescens @ 10 and 20 g/m alone or in combinations 
with carbofuran @ 1.5 g W against M. incognita infesting brinjal cv. Pusa Purple 
Long. They found that treatment with carbofuran had the highest reduction (46.4%) in 
root-knot index at transplanting. Whereas, treatment with P. fluorescens @ 20 g/m 
and @ 10 g/m^ + carbofuran caused 38.4 and 31.0% reduction in root-knot 
development, respectively. 
Senthamarai et al. (2006 b) conducted an experiment under glasshouse 
conditions for the evaluation of biocontrol agents against the management of M 
incognita in C. forskohlii. Soil application of P. fluorescens at the rate of 2.5 kg/ha 
showed increased plant growth and reduced root-knot nematode population both in 
soil and root. Soil application of T. viride @ 2.5 kg/ha recorded increased plant 
growth and reduced nematode population compared to control followed by P. 
fluorescens. 
Kalaiarasan et al. (2007) found that that jatropha, neem and castor oil cakes 
significantly increased the plant growth and decreased the host infestation by M 
incognita over control. Among oil cakes, jatropha and neem were proved to be the 
best. The water soluble fractions of jatropha deoiled cake at 10% concentration 
reduced the egg hatching and increased the juvenile mortality to the tune of 44.07 and 
49.33%, respectively after 48 h of incubation. 
Senthamarai et al. (2008 a) conducted an experiment under glasshouse 
conditions for the evaluation of P. fluorescens (@ 2.5 kg/ha) and T. viride (@ 2.5 
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kg/ha) against M incognita in C. forskohlii and observed that both the bioinoculants 
has increased the plant growth and reduced root-knot nematode population both in 
root and soil as compared to the control. 
Pandey et al. (2009) assessed the relative efficacy of bio-organics viz. 
vermicomposts of menthol mint, pyrethrum, chamomile, qinghao, geranium 
and neem cake, bioagents {T. harzianum strain Thu and Glomus mosseae) and 
carbofuran on the reproduction and pathogenic potential of M. incognita in 
O. hasilicum. Among all the treatments, treatment with the neem cake and T. 
harzianum improved the plant growth, biomass and oil yield of O. basilicum. 
Reduction in the severity of the root-knot disease development and population 
of M. incognita were recorded in plants treated with neem cake and T. 
harzianum. 
Seenivasan (2010) studied the efficacy of locally available organic 
amendments such as neem cake, castor cake, pungam cake and vermicompost @ 500 
kg/ha and 400 kg/ha were evaluated against M. incognita in C. forskohlii under 
glasshouse and field conditions. Results revealed that all the organic amendments 
were found to reduce M incognita population and increase root tuber yield. Further, 
among all organic amendments, neem cake was found significantly superior in 
reducing the nematode population and increasing growth and yield of C. forskohlii 
than pungam cake, vermicompost and castor cake ammendments. 
Fungi are parasitic on almost all groups of eukaryotic organisms, ranging from 
cellular amoebae, protozoa, and algae to larger plant groups such as liverworts, 
mosses, ferns, and seed plants, and animal groups from the smallest inconspicuous 
ones to the larger animals. Pathogenic fungi are best known through their extensive 
damage to plants, especially cultivated as well as not cultivated plants. Disease 
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management of fungal diseases has been achieved by the application of fungicides 
during the recent past and this subject was reviewed by Nene & Thapliyal (2000). 
During second half of 18th century, bordeaux mixture and other specific 
preparations were used against a large number of foliar diseases (Millardet, 1985). 
During 1950-1960s a large number of synthetic compounds were introduced as 
fungicides like chlorinated hydrocarbons, organophosphates, carbamates and 
acetamides (Nene & Thapliyal, 2000). Many hundreds of chemicals have been 
advanced to date for crop protection as fumigants, soil treatments, sprays, 
dusts, paints, pastes and systemics. For important fungal diseases, the most 
effective method is only one available for their control is the application of chemical 
sprays or dust (fungicide) on the plants, seeds and soil, where the plant is to be grown. 
Seed-borne diseases can be control only through the seed-treatment with fungicides 
that are absorbed and distributed through plant (systemic fungicide) or through hot 
water (Agrios, 2005). 
The use of botanicals in crop protection has now gained popular 
ground in the world of agriculture as an alternative to the use of toxic, 
persistent and synthetic compounds. In past, considerable efforts were made 
on alternative methods of disease management including organic amendments 
in the form of composts, saw dust, oil cakes, dry crop residues, seed powder, 
extracts of different plant parts, etc. have been used against soil borne fungi 
(Mathur & Gurjar, 2002; Dubey & Kumar, 2003; Haseeb, 2003, 2004; Haseeb 
& Kumar, 2006; Sharma & Haseeb, 2006; Singh et al., 2007; Banyal et al, 
2008; Meena era/. , 2010; Kumar er a/., 2011) 
Several researches have been conducted in the past to explore the possibility 
of use of bioinoculants amongst the fungi to combat the fungal diseases of crops and 
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particularly medicinal and aromatic plants. Among various antagonistic fungi, few 
species of the genus Trichoderma have been used successfully against soil 
borne fungi (Adams & Ayers, 1979; del Rio et al, 2002). Various 
mechanisms such as antibiosis, competition, mycoparasitism and enzymatic 
hydrolysis have been suggested for the biocontrol activity Trichoderma spp. 
against phytopathogenic fungi (Sivan & Chet, 1992; Elad, 1995). Intensive 
research and sustained effort over long period of time made clear that 
different isolates of Trichoderma spp. from different soil samples have 
differential antagonistic capability against different pathogens (Maity &, Sen, 
1985). 
Sharma & Sharma (1986) reported that the incidence of stalk rot of 
cauliflower caused by S. sclerotiorum was reduced by soil amendments of sunflower 
and rapeseed cakes. Whereas, Gupta et al. (1986) used sunflower cake mustard cake, 
and other materials like gypsum and bean to control the disease. 
Dohroo et al. (1990) studied the antagonistic activity of T. harzianum, T. 
viride and G. virens against the S. sclerotiorum and they reported that the highest 
inhibition of S. sclerotiorum was obtained with T. viride followed by T. harzianum 
and G. virens. 
Kumar et al. (2000) studied in vitro, the effect of volatile substances produced 
by T. harzianum, T. viride and G. virens on R. batatiocola and S. sclerotiorum. All the 
three antagonists were found to produce volatile substances inhibitory to the growth 
of the test pathogens. 
Rathore & Pathak (2001) tested the efficacy of different fungicides as seed 
treatment or foliar sprays against downy mildew of P. ovata caused by Peronospora 
aha under artificial epiphytotic conditions. In a two years field study, seed treatment 
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with Apron 35 SD (5g/kg seed) followed by 3 sprays of Ridomil MZ 72 WP (0.2%) 
were found effective in reducing systemic as well as non-systemic infection of downy 
mildew and in increasing the seed yield. 
Shivpuri & Gupta (2001) reported that no sclerotial production by S. 
sderotiorum was observed in the PDA plates amended with carbendazim, thiophanate 
methyl and phenylpyrrole. Among various plant extracts used for the control of S. 
sderotiorum, Azadirachta indica, Datura stramonium, Ocimum sanctum, Vinca 
rosea, Withania somnifera, Polyalthia longifolia and Tagetes erecta were observed to 
be more fungitoxic than others. 
Singh et al. (2004) tested the antagonistic potentiality as well as for their 
biocontrol ability of 27 isolates of T. harzianum against S. sderotiorum causing head 
rot of sunflower and has been found potential antagonist of 5". sderotiorum. 
Perveen et al. (2007) conducted an experiment on the management of S. 
sderotiorum on M. arvensis cv. Gomti to determine the efficacy of neem seed powder 
@ 50 mg/kg soil, pesticides viz. carbofuran @ 1.5 mg a.i./kg soil, carbendazim @ 1 
mg a.i./kg soil and biocontrol agents viz., Paedlomyces liladnus or T. harzianum @ 
50 mg culture /kg soil, P. fluorescens @ 50 mg powder/kg soil under controlled 
conditions. The results indicated that the highest plant growth and the lowest infection 
of root and suckers were observed in plants treated with neem seed powder and 
carbendazim, followed by carbendazim alone, neem seed powder alone, carbofuran + 
carbendazim, neem seed powder + T. harzianum, neem seed powder + P. fluorescens, 
neem seed powder + P. lilacinus, neem seed powder + carbofuran, P. fluorescens + T. 
harzianum, P. lilacinus + T. harzianum, P. fluorescens + P. lilacinus, T. harzianum 
alone, P. fluorescens alone, P. lilacinus alone and carbofuran alone. 
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Yadav et al. (2007) studied the efficacy of foliar chemical sprays in field and 
pot experiments against downy mildew of P. ovata incited by Pseudoperonospora 
plantaginis and observed that ridomil MZ-72 WP (0.2%) was proved to be 
significantly superior over all other fungicides in reducing intensity of downy mildew 
and increasing yield from 810 to 980 kg/ha 
Singh et al. (2008) tested various bioagents against the test organisms and 
observed that T. viride inhibited the disease incidence against Pythium 
aphanidermatum (27.8%), Rhizoctonia solani (38.2%), S. sclerotiorum (33.4%) and S. 
rolfsii (36.9%). Application of T.viride, T. viride + P. fluorescens and T. viride + 
vitavax was found effective in reducing disease severity and increasing yield 
significantly. 
Hieu et al. (2010) studied the management of white stem rot of mustard by S. 
sclerotiorum through carbendazim and various organic amendments viz. 
Bougainvillea leaves, aonla leaves, Lowsonia inermis leaves, Eucalyptus, Syzygium 
cuminii seed powder, mustard cake, sesamum cake and cotton cakes. Results showed 
that the soil amendment with cakes was better than the seed treatment with 
carbendazim except cotton cake. All the cakes/ organic manures were significantly 
different and reduced number of apothecia production. 
So far the efforts were made to control the diseases of crops for increasing the 
crop productivity by using only one option may be chemicals or oil cakes or 
bioinoculats/ physical means. On the other hand, it has also been proved that in most 
of the instances either the application of pesticides or other means are non-
economical and also have toxic effects on environment and human health affecting 
the crop produce and ecosystem and also develops the resistance in pathogens. 
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In recent past, researchers were made by several workers for the 
development of integrated disease management strategies with emphasis on 
non-chemical means which should be safe and economically, environmentally 
and technologically sound for effective management of soil borne pathogens 
particularly S. sclerotiorum attacking various crops (Shivpuri & Gupta, 2001; 
Sugha, 2001; Kumawat & Jain, 2003; Haseeb, 2003, 2004, Perveen et al., 
2007; Kumar et al., 2011). It has been accepted that integrated approach is an 
essential and most desirable feature of managing diseases of complex nature, which 
includes appropriate blending of various management technologies to meet the needs 
of farmers (Andrews, 1983; Papavizas & Lewis, 1988; Muthamilan & Jeyarajan, 
1996; Upadhyay & Dwivedi, 2000). Attempts have been made to develop integrated 
approach with emphasis on biocontrol agents and botanicals for effective management 
of Fusarium, Rhizoctonia and Meloidogyne disease complexes on vegetable crops, 
medicinal and aromatic plants (Stephan et al., 1996; Singh & Goswami, 2001; Haseeb 
et al., 2003, 2005 a, b, c; Haseeb, 2003, 2004, Perveen et al., 2007; Kumar et 
al.,2011). 
Haseeb et al. (2003 b) conducted nursery trials in farmer's field at Hathras for 
the management of root-knot-wilt disease complex involving M. incognita and 
Fusarium oxysporum of chilli cv. Jwala during December and January 2001 and July 
and August 2002 by the application of carbofuran and topsin-M @2.Q (full dose) and 
1.0 (half dose) kg a.i./ha. As. niger and T. harzianum at 50 (full dose) and 25 (half 
dose) kg/ha (10** cfu/g) alone and in different combinations. They reported that root-
knot and fungal infection was completely checked by the treatment with carbofuran + 
T. harzianum/As. niger and carbofuran + topsin-M when applied as full doses. Other 
treatments were also effective at varying degree. Highest number of transplantable 
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seedlings and total weight of seedlings were recorded in plots treated with carbofuran 
+ T. harzianum (full dose) followed by carbofuran + As. niger (full dose), carbofuran 
+ topsin-M (full dose), carbofuran + T. harzianum (half dose), T. harzianum + As. 
niger (full dose), carbofuran + As. niger (half dose), carbofuran + topsin-M (half 
dose), T. harzianum + As. niger (half dose), carbofuran (full dose), T. harzianum (full 
dose), topsin-M (full dose) and As. niger (full dose), respectively. 
Haseeb et al. (2005 c) studied the comparative efficacy of combinations of flill 
and half doses of carbofuran (33.0 kg/ha), topsin-M (2.0 kg/ha), neem seed powder 
(100.0 kg/ha), suspension oi P. fluorescens and T. harzianum having 10^  cfu/ml (50.0 
1/ha) applied as full dose before transplanting or in split doses before and 45 days after 
transplanting for the management of M. incognita and F. oxysporum disease complex 
on brinjal cv. BSS-332. They revealed that all the treatments were effective in 
increasing the fruit yield as compared to untreated plots. Highest fruit yield was 
recorded in plots treated with T. harzianum (50.0 1) + carbofuran (16.5 kg) followed 
by carbofuran (33.0 kg) + topsin-M (1.0 kg), topsin-M (2.0 kg) + carbofuran (16.5 
kg), neem seed powder (100.0 kg) + carbofuran (16.5 kg), T. harzianum (50.0 1) + 
neem seed powder (100.0 kg), P. fluorescens (50.0 1) + carbofuran (16.5 kg) and T. 
harzianum (50.0 1) + P. fluorescens (50.0 1), respectively. Application of treatments in 
split doses was more effective than full doses applied before transplanting. 
Suppressive effect of various treatments on extent of infection in roots was significant 
till 90 days after transplanting. 
Haseeb & Kumar (2008 b) studied the effect of two biocontrol agents viz., T. 
virens and P. lilacinus (each @ 10 cfu/m ) alone and two organic amendments viz., 
neem seed powder {@50 g/m^) alone and farmyard manure (@ 300 g/m^) alone and 
integrated treatments against M. incognita-F. solani disease complex on chilli cv. 
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Patna under nursery and field conditions. They reported that highest percent 
emergence of seedlings (87) and fresh weight of total seedlings per bed (180.0 g) was 
found in T. virens + P. lilacinus + neem seed powder + farmyard manure treated 
plants followed by T. virens + P. lilacinus + neem seed powder, T. virens + neem seed 
powder + farmyard manure, T. virens + P. lilacinus + farmyard manure, T. virens + 
neem seed powder, T. virens + P. lilacinus, P. lilacinus + neem seed powder + 
farmyard manure, T. virens + farmyard manure, P. lilacinus + neem seed powder, T. 
virens alone, P. lilacinus + farmyard manure, neem seed powder alone, P. lilacinus 
alone and farmyard manure alone, respectively as compared to untreated beds. Lowest 
root-knot index (0.9) and root infection by F. solani (10.0%) was also found in T. 
virens + P. lilacinus + neem seed powder + farmyard manure treated plants. 
Similarly, in field experiment, highest yield (81.3 q/ha green chilli and 22.0 q/ha red 
chilli), lowest root-knot index (1.3) and percent root infection by F. solani (15.5) was 
also observed in T. virens + P. lilacinus + neem seed powder + farmyard manure 
treated plants. 
Senthamarai et al. (2008 b) conducted a glasshouse experiment to study the 
interaction of M. incognita and Macrophomina phaseolina on C. forskohlii. The 
nematode multiplication was adversely affected when fungus was inoculated prior to 
nematode. Simultaneous inoculation of nematode and fungus as well as nematode 
followed by fungus 15 days later, caused 100% root-rot disease and significant 
reduction in plant growth compared to the inoculation of fungus alone or fungus 
inoculation prior to nematode. 
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CHAPTER- 3 
MATERIALS AND METHODS 
1. Isolation and identification of species of root-knot nematodes 
{Meloidogyne spp.) and white mold fungus {Sclerotinia spp.) associated 
with Plantago ovata 
Soil and root samples were taken from the rhizosphere of apparently diseased 
plants of isabgol (P. ovata) from the experimental fields of Department of Plant 
Protection, Faculty of Agricultural Sciences, Aligarh Muslim University, Aligarh and 
the identification of the prevailing species of root-knot nematodes, {Meloidogyne 
spp.) and white mold fungus {Sclerotinia spp.) was done and also to determine the 
extent of infection. 
Symptomatology 
The above and below ground disease symptoms produced by the root-knot 
nematodes and white mold fungi were observed and recorded. 
1.1. From Soil 
1.1. (a). Collection of soil samples 
Soil samples were collected with the help of auger (Khurpi) from the 
rhizosphere of apparently diseased isabgol plants. From each field 15-20 sub-samples 
were taken randomly from the experimental field. The sub samples were mixed 
thoroughly and approximately 500 g soil was placed into polythene bags and tagged 
with relevant information. The samples were brought to the laboratory and kept in 
refrigerator (4°C) until the second stage juveniles (J2) of root-knot nematodes and 
white mold fungi were isolated separately. 
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1.1. (b). Isolation of nematodes 
Nematodes were isolated from soil using Cobb's sieving and decanting 
technique in conjuction with Bayerman funnel (Southey, 1986). A 250g soil sample 
was placed into a plastic bucket, and it was filled with ten liters of water. The 
suspension was stirred thoroughly to break the soil aggregates and release nematodes 
into water. The suspension was allowed to settle for 2 min for heavy soil particles to 
sink into the bottom of the bucket. The suspension was decanted through sieves with 
the pore size of 710, 63, 45, 39 f.im, the entire process was repeated twice to ensure 
the maximum recovery of nematodes. Thereafter, the nematodes and remaining debris 
were collected in a beaker by gently rinsing from the sieve. A double folded fine 
tissue paper was placed on 710 |j,m pore size sieves on Baermann funnel. The funnels 
were placed on support and water was added. The suspension containing nematodes 
was poured over the tissue paper. The nematodes being active made their way through 
the tissue paper into the water. After 48 hours, the nematodes were recovered by 
opening the clip of the rubber tube cormected to the bottom of the Baermann funnel, 
thus allowing the nematodes in water to flow out in a beaker and final volume of the 
suspension was made up to 100 ml by adding tap water. 
1.1. (c). Isolation of soil-borne fungi 
Fungi were isolated from rhizospheric soil on potato dextrose agar (*PDA) 
medium by using serial dilution plate technique, in which 1 g soil from each sample 
was added to 9 ml sterilized distilled water in test tube. The soil suspended in the tube 
shaken gently but thoroughly to mix soil particles and get them uniformly dispersed. 1 
ml of the suspension from the first dilution (10'^) was aseptically transferred to 
another tube (10" )^ containing 9 ml sterilized distilled water. This procedure was 
repeated till the original sample was diluted up to lO"^ . For isolation of fungi, 1 ml soil 
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suspensions from the dilutions (10"^  and 10''*) was transferred in sterilized petriplates 
containing PDA and gently rotated to ensure uniform distribution of the soil 
suspension. The plates were then incubated in BOD incubator at 27 ± 1°C for 5 days. 
Plates were observed regularly for growth of white mold fungal colonies. 
^Composition of Potato Dextrose Agar (PDA) 
Potato (Peeled & Sliced) 200g 
Dextrose 20g 
Agar 20g 
Streptomycine 1:3 000 
Distilled water As required to make up to volume upto 1000 ml. 
1.1. (d). Identification of fungi 
The fungal colonies were identified separately by preparing the slides of each 
fungus. After that, the slides were observed under the microscope and compared by 
the morphological and cultural characters as described in standard references 
(Blodgett, 1946; Hungerforts & Pitts, 1953; Steadman, 1975; Grau, 1988; Farr et al, 
1989; Agrios, 2005). 
1.2. From roots 
1.2. (a). Collection of root samples 
Root samples were also collected and tagged simultaneously from apparently 
diseased plants of isabgol, in the same maimer as described for soil samples in section 
1.2. These samples were kept in refrigerator until the root-knot index (RKI) caused by 
Meloidogyne species on the root system and percent root infection (PRI) caused by S. 
sclerotiorum were graded, and isolation of fungi and nematodes was done from the 
root samples. 
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1.2. (b). Isolation and identification of root-knot nematode (Meloidogyne spp.) 
Isolation of nematodes from roots was done by mechanical maceration. 
Thoroughly washed 5 gram roots* from each sample were cut separately into small 
pieces and macerated in an electric warring blender with sufficient amount of water. 
The suspension was cleared by sieving through a 710 nm openings sieve and the final 
volume of the suspension was made up to 100 ml by adding tap water (Southey, 
1986). 
Counting of all the developmental stages of root-knot nematodes including 
J2 larvae was done as the method described in 1.3.2, 1 ml nematode suspension was 
poured into a shallow multichambered counting dish and observed under the 
microscope (Doncaster, 1962). The counting of each sample considering all the 
developmental stages of the nematode was done twice to reduce the error. Nematode 
population in 100 ml suspension i.e. 5g roots was calculated from the resulting 
nematode counts. 
Ten fully mature female specimens of the root-knot nematode were excised 
from the galled tissues of the roots of isabgol. Perineal pattern of mature females were 
cut and stained in hot acid fuchsin (0.01%) and mounted in lactophenol (Taylor & 
Netscher, 1974). Specific identification of the root-knot nematode was done in the 
laboratory by examining the perineal pattern under a microscope (Southey, 1986). 
1.2. (c). Grading of root-knot index (RKI) 
Root-knot index was graded on a scale of 0 to 4 (Taylor & Sasser, 1978): 
0 = No galling 
1 = Light galling (1-25%) 
2 = Moderate galling (26-50%) 
3 = Heavy galling (51-75%) 
4 = Severe galling (76-100%) 
•Wherever the root weight is less than 5g, then whole root was macerated 
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1.2. (d). Maintenance of pure culture of root-knot nematode (M incognita) 
A single egg mass of the M. incognita picked from infected eggplant root was 
surface sterilized in 1:500 aqueous solution of sodium hypochlorite for 5 minutes. It 
was then transferred to a small coarse sieve lined with tissue paper, earlier placed in a 
petriplate containing sufficient amount of water. The petriplates were incubated at 
room temperature (27± 5°C) for 5 days (den Ouden, 1958). Seedlings of eggplant, 
raised in autoclaved soil, were inoculated with the progeny of the single egg mass in 
order to get regular supply of the inoculum for the experiments. 
1.2. (e). Isolation and identification of white mold fungus (Sclerotinia spp.) 
Apparently infected aerial portion and roots of isabgol plants were collected from the 
experimental fields and were surface sterilized in mercuric chlorite and placed in 
petriplates containing PDA (Riker & Riker, 1936). Petri plates were incubated in a 
BOD incubator at 27 ± 1°C for the growth of the fungus. Three days after inoculation, 
fungal colonies were transferred separately to culture tubes containing PDA medium 
and were kept for a week in an incubator at 27 ± 1°C. The pure cultures obtained after 
incubation were replicated and were stored in the refrigerator. 
Slides were prepared from various fungal cultures and were observed under 
microscope. On the basis of cultural characters and microscopic observations the sub-
cultures compared by the morphological and cultural characters as described in 
standard references (Blodgett, 1946; Hungerforts & Pitts, 1953; Steadman, 1975; 
Grau, 1988; Farr et al., 1989; Mehrotra, 2003; Agrios, 2005; Saharan & Mehta, 2008; 
Singh, 2009; Mukerji, 2010). 
1.2. (f). Determination of percent root infection (PRI) 
The washed diseased portion of the roots were cut into pieces of 1.0 cm length 
and treated with 10% KOH solution and kept at 90°C in a hot air oven for 1 h. The 
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root pieces were then washed again with distilled water, acidified and stained with 
trypan blue (0.05% in lactophenol) as described by Phillips & Haymen (1970). Ten 
stained root pieces were taken separately from the samples of individual locality and 
mounted on a slide in lactophenol and observed under microscope. The portion of 
length of root pieces, which showed the presence of hyphae of fungi, was estimated. 
The percent root infection was calculated by measuring the infected portion in relation 
to total length of root pieces (Biermann & Lindermarm, 1981). 
1.2. (g). Maintenance and mass culture of white mold fungus (S. sclerotiorum) 
Seeds of sorghum were soaked in 5% sucrose solution for overnight and then 
transferred to 250 ml flasks. Thereafter, the flasks were plugged with the non-
absorbent cotton and covered with butter paper and autoclaved at 15 lbs/inch 
pressure for 30 minutes. Pure culture of the fimgus prepared in the culture tubes 
(plate) was transferred in to the flasks and the flasks were incubated in a B.O.D. 
incubator at a temperature of 27 + !"€ for 10 days. During incubation the flasks were 
shaken thrice daily, to ensure proper growth of the fungal mycelium on the sorghum 
seeds. 
2.1. Collection of the seeds 
Seeds of P. ovata were obtained from the Central Institute of Medicinal and 
Aromatic Plants, Lucknow. 
2.4. Preparation of pots for experiments and sowing of the seeds 
All the experiments were carried out in 6 inch top diameter earthen pots. Pots 
were filled with 1.0 kg soil and farmyard manure (4:1) mixture and were sterilized in 
autoclave at 15 lbs/inch^ pressure for 100 minutes. Seeds were sovra in each pot and 
20 days after sowing thinning was done so that each pot must have a single plant at 
the centre of the periphery of the pot. 
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3. To determine the effect of different initial inoculums levels of M incognita on 
P. ovata under pot conditions 
3.1. Inoculation of the M incognita 
Inoculation was done in 21 days old seedlings after the thinning into 6 inch top 
diameter earthen pot containing steam sterilized soil and farmyard manure (4:1) 
mixture with pre-determined (0, 500, 1000, 2500, 5000, 7500, 10000, 12500) J2 of M 
incognita in aqueous suspension by scrapping-out 1.0 cm deep, 4-5 holes in a radius 
of 1.5 cm topsoil from the rhizosphere of all the plants and pouring into the holes 
using a sterilized pipette. The holes were then plugged gently with soil. There were 
three replicates for each treatment and the experiment was laid out in completely 
randomized block design. 
3.2. Recording of data 
3.2. (a). Plant growth 
Hundred days after inoculation, the plants were careftiUy uprooted from the 
pots and roots were washed in running tap water to remove the adhering soil particles. 
Excess water was removed with the help of blotting paper. The plant growth was 
determined by measuring the root and shoot length and fresh weight of each treatment 
and their replicates. For determining the dry weight of shoot and root of all the 
treatments and their replicates, the plants were dried in hot air oven at 60°C for 
sufficient period of time and weighing was done. 
3.2. (b). Grading of root-knot index 
As described in section 1.2. (c). 
3.2. (c). Determination of nematode population 
After 80 days of inoculation in the plants, the experiment was terminated and 
final nematode population was determined. 
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(i) From soil 
Isolation of nematode population from the soil was done as described in the 
section 1.1(b). For the counting of the juveniles, the suspension was poured in shallow 
multi-chambered counting dish and observed under stereomicroscope (Doncaster, 
1962). 
(ii) From roots 
Determination of nematode population from roots was done as described in 
the section 1.2.(b) and counting of the juveniles was done as described above in 
section 3.2. (c). (i). 
4. To determine t he effect of different initial inoculums levels of 5. sclerotiorum 
on growth, seed yield and disease development of P. ovata 
4.1. Inoculation of the 5. sclerotiorum 
To determine the effect of initial inoculum levels of S. sclerotiorum on the 
growth of isabgol, each pot were inoculated with 0.0, 0.5, 1.0, 2.5, 5.0, 7.5, 10.0 and 
12.5 g mycelium. Inoculation was done by scrapping out 1cm top soil from the 
rhizosphere of all the plants and pouring spore suspension into the soil. There were 
three replicates for each treatment. 
4.2. Recording the data 
4.2. (a). Plant growth 
Data regarding the plant growth was recorded hundred days after inoculation 
by measuring the length, fresh and dry weights of roots and shoots separately as 
described earlier in section 3.2 (a). 
4.2. (b). Determination of percent root infection (PRI) of 5. sclerotiorum 
As described in section 1.2. (f). 
49 
5. To determine the interactive effects of M. incognita and S. sderotiorum 
disease complex on plant growth and disease development of i*. ovata 
5.1. Inoculation 
In order to determine the influence of M. incognita and S. sderotiorum on the 
disease development, plant growth and seed yield of P. ovata, similar procedure of 
inoculation was adopted as described earlier in section 3.1. and 4.1. Inoculation of 
5000 J2 larvae of M. incognita and 7.5 g mycelium of S. sderotiorum was done 
according to following plan: 
1. Uninoculated control 
2. M incognita alone 
3. S. sderotiorum alone 
4. M. incognita + S. sderotiorum simultaneously 
5. M. incognita 7 days (prior) + S. sderotiorum (post) 
6. S. sderotiorum 7 days (prior) + M. incognita (post) 
5.2. Recording of data 
Recording of the data regarding plant growth, root-knot development and 
percent root infection was done in the same manner as described in section 3.2(a), 
4.2(a), 3.2(b) & (c) and 4.2(b) respectively 
6. Procurement of bio-control agents 
The pure culture of Trichoderma harzianum (TH-H-3) and Pseudomonas 
fluorescens (PS-4) were maintained in the laboratory of Prof. Akhtar Haseeb, 
Department of Plant Protection, Agricultural Sciences, Aligarh, and were used for the 
present studies. 
6.1. Maintenance and production of bio-control agents 
Trichoderma harzianum (TH-H-3) 
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Healthy sorghum seeds were soaked in 5% sucrose solution for 16 hours. The 
seeds were strained and placed into 500 ml conical flasks to give 200 cm^ of sorghum 
seeds/flask. Flask with sorghum seeds were plugged with cotton and sterilized by 
autoclaving for 30 minutes at 15 lbs/cm pressure. The conical flask containing 
sterilized sorghum seeds were inoculated with 1-cm diameter PDA discs punched 
from the periphery of actively growing 5-days old culture of T. harzianum (TH-H-3). 
Flasks were placed in an incubator at 27 + 1°C and the fungus was allowed to grow 
and periodic shaking of the flasks was done so that the whole sorghum seeds were 
colonized by the bioinoculants and its colony forming units reached above 10 cfu/g 
culture. 
Pseudomonas fluorescens (PS-4) 
The culture tubes each containing 10 ml King's 'B' broth (King et al, 1954) 
was autoclaved for 30 min at 15 lbs/cm^ pressure. When culture tubes were cooled, 
each tube was inoculated with the single colony of P. fluorescens (PS-4) isolate PS-4 
from pure bacterial culture already maintained on King's 'B ' medium. The culture 
tubes were then placed in a BOD incubator for 48 h at 30 ± 1°C for the multiplication 
of P. fluorescens (PS-4). For mass production, 250 ml Erleimieyer flasks containing 
100 ml King's 'B' broth were autoclaved at the same pressure and time as mentioned 
above. Thereafter, flasks were inoculated with 1.0 ml of P. fluorescens (PS-4) 
cultured broth. The flasks were then kept at 30 ± 1°C in a BOD incubator for 48 h and 
were shaken twice a day so as to get a uniform growth. Culture was then mixed with 
talc in the ratio of 1:4, and the amount of talc was adjusted so that the final cfu of P. 
fluorescens (PS-4) was maintained on lO^'/g. 
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6.2. Preparation of pots and treatments 
Earthen pots with 6 inch top diameter were filled with 1.0 kg soil and 
farmyard manure (4:1) mixture. There were three replicates for each treatment. 
Treatments 
Trichoderma harzianum (Th) (isolate TH-H-3) 
(0.5xlO^'cfu/gsoil) 
Pseudomonas fluorescens (Pf) (isolate PS-4) 
(0.5xl0^cfu/gsoil) 
Jatropha cake (Jc) 
Bavistin (Bv) 
Th + Jc 
Th + Bv 
Pf+Jc 
Pf+Bv 
Th + Jc + Bv 
Pf+Jc+ Bv 
Th + Pf+Jc + Bv 
Doses 
Rate/ha 
1001 
1001 
10,000 kg 
2 kg a.i 
* 
* 
* 
* 
* 
* 
* 
Rate/kg soil 
0.05 i^l 
0.05 ^1 
5000.0 mg 
1 mg a.i. 
* 
* 
* 
* 
* 
* 
* 
In all combined treatments, rate of application was reduced to half of the standard rate 
7. To determine the effect of Trichoderma harzianum (TH-H-3), Pseudomonas 
fluorescens (PS-4), Jatropha cake and Bavistin alone and in combination on 
plant growth and root-knot development against M. incognita (5000 Ji/kg 
soil) on P. ovata 
7.1. Inoculation of M. incognita 
Inoculation of 5000 J2 larvae of M inocognita were done as described earlier in 
section 3.1. There were eleven treatments, as mentioned below: 
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S.No. Treatment +Inoculation 
1. Uninoculated control 
2. Untreated inoculated 
3. T. harzianum (Th) (isolate TH-H-3) + M. incognita (Mi) 
4. P. fluorescens (Pf) (isolate PS-4) + Mi 
5. Jatropha Cake (Jc) + Mi 
6. Bavistin (Bv) + Mi 
7. Th + Jc+ Mi 
8. Th + Bv+ MI 
9. Pf+Jc+Mi 
10. Pf+Bv + N=Mi 
11. Th + Jc + Bv+ Mi 
12. Pf+Jc + Bv+Mi 
13. Th + Pf+Jc + Bv+Mi 
7.2. Recording of data 
Data regarding plant growth, seed yield and root-knot development was 
recorded as described in section 3.2. 
8. To determine the effect of 71 harzianum (TH-H-3), P. fluorescens (PS-4), 
Jatropha cake and Bavistin alone and in combination on plant growth and 
percent-root infection against S. sclerotiorum (7.5g mycelium/kg soil) on P. 
ovata 
8.1. Inoculation of S. sclerotiorum 
o 
Inoculation of 5.0 ml spore suspension with 10 cfu of 5. sclerotiorum per ml 
was done as described earlier in section 4.1. There were eleven treatments, as 
mentioned below: 
S.No. Treatment +InocuIation 
1. Control (Uninoculated, Untreated) 
2. Untreated inoculated 
3. T. harzianum (Th) (isolate TH-H-3) + S. sclerotiorum (Ss) 
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4. P. fluorescens(Pf) (isolate PS-4) + Ss 
5. Jatropha Cake (Jc) + Ss 
6. Bavistin (Bv) + Ss 
7. Th + Jc + Ss 
8. Th + Bv + Ss 
9. Pf+Jc + Ss 
10. Pf+ Bv + Ss 
11. Th + Jc + Bv + Ss 
12. Pf+Jc +Bv + Ss 
13. Th + Pf+Jc +Bv + Ss 
8.2. Recording of data 
Data regarding plant growth and yield parameters, and percent root infection 
ofS. sclerotiorum were recorded as described in section 4.2. 
9. To determine Effect of T. harzianum (TH-H-3), P. fluorescens (PS-4), 
Jatropha cake and Bavistin alone and in combination on plant growth, 
root-knot development and percent-root infection against M. incognita 
(5000 J2/kg soil) and S. sclerotiorum (7.5g mycelium/kg soil) disease complex 
on P. ovata 
9,1. Inoculation of M. incognita and S. sclerotiorum 
Inoculation of 5000 J2 larvae of M. inocognita and 5.0ml spore suspension 
o 
with 10 cfu of S. sclerotiorum per ml were done as described earlier in section 3.1. 
and 4.1. There were 11 treatments, as mentioned below: 
S.No. Treatment +Inoculation 
1. Control (Uninoculated, Untreated). 
2. Untreated inoculated. 
3. T. harzianum (Th) (isolate TH-H-3) + M. incognita (Mi) + S. 
sclerotiorum (Ss) 
4. P. fluorescens {?f)i\so\siXe?S-4)+ Mi + Ss 
5. Jatropha Cake (Jc) + Mi + Ss 
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6. Bavistin (Bv) + Mi + Ss 
7. Th + Jc + Mi + Ss 
8. Th + Bv + Mi + Ss 
9. Pf+Jc + Mi + Ss 
10. Pf+Bv+Mi + Ss 
Th + Jc + Bv + Mi + Ss . / ' ^ ^ - - £ ^ 
12. Pf+Jc + Bv + Mi + Ss 
13. Th + Pf+Jc + Bv + Mi + Ss * ; ^ ^ / i r ^ 
9.2. Recording of data 
Data regarding plant growth, seed yield, root-knot development and percent 
root infection of 5". sclerotiorum were recorded as described earlier in section 3.2 and 
4.2. 
10. Statistical analysis 
For determining the significance of the treatment the data were subjected to 
statistical analysis. The experiments were laid down using the pattern of randomized 
complete block design (RCBD). The data were statistically analyzed by analysis of 
variance as described by Cochran & Cox (1957). Significant differences were 
determined using critical difference (CD.) tests at 5% and 1% probability level. 
55 
p m 
m m 
CHAPTER- 4 
EXPERIMENTAL RESULTS 
1. Isolation and specific identification of species of Meloidogyne and 
Sclerotinia associated with diseased plants of Plantago ovata 
Studies pertaining to identification of root-knot nematode species infesting 
isabgol growing in the experimental fields at Faculty of Agricultural Sciences, AMU, 
Aligarh revealed that Meloidogyne incognita was most pre-dominant (95%) root-knot 
nematode species than M. javanica (5%). 
On the basis of cultural, morphological characters and microscopic studies, 
various fungi isolated from the roots of diseased isabgol plants were identified and 
confirmed as S. sclerotiorum, the main infective causal pathogen. 
2. To determine the effect of different initial inoculum levels of M incognita 
on plant growth, root-knot development and seed yield of P. ovata 
Data regarding the effect of different initial inoculum levels (Pi) of M. 
incognita on the root-knot development, plant growth and seed yield of P. ovata, 
revealed that in general, reduction in various growth parameters viz., shoot-root 
height, shoot-root fresh and dry weights, number of spikes/plant and seed 
weight/plant was increased with the corresponding increase in Pi [Plate 2; Table 1(a); 
Fig. 1]. However, the significant (P < 0.05) reduction in all growth parameters was 
found at the Pi (1000 J2/kg soil) as compared to uninoculated control. The highest 
reduction in shoot-root height, shoot-root fresh and dry weights, number of 
spikes/plant and seed weight/plant was 67.8, 72.0, 83.9, 85.9, 86.0, 88.2, 88.2 and 
88.7%, respectively at the highest Pi (12,500 J2/kg soil) as compared to uninoculated 
control [Plate 2; Table 1(a); Fig.l]. 
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PLATE-1: A view of experimental field showing cultivation of Isabgol 
(Plantago ovata) 
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A view of microplot showing diseased symptoms on Plantago ovata 
A close-up view of severely infected plant 
A view of infected roots showing galls and lesions/rot caused by 
Meloidogyne incognita and Sclerotinia sclerotiorum disease complex 
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PLATE-2: 
N, - IJninoculated confrnl , = I i l t  trol 
Nj = 500 Jj/kg soil 
Nj= 1000 jykg soil 
N4 = 2500 Jj/kg soil 
'^5 = 5000 J^/kg soil 
N. = 7500 J,/kg soil 
^7= 10000 J,/kg soil 
N8= 12500 J,/kg soil 
B 
PLATE 2.1: Symptoms of M incognita 
on P. ovata 
A. Uninoculated plants of P. ovata (left) 
and Inoculated (right) with J2 of M. 
incognita showing symptoms on aerial 
portion 
B. Roots of uninoculated P. ovata (left) 
and inoculated with J2 of M incognita 
(right) showing various sizes of galls 
and egg masses 
C . Close-up view of roots of P. ovata 
incolulated with M. incognita showing 
root-galls 
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The root-knot index (RKI) and final nematode population (Pf) in roots and soil was 
noted to be increased with the corresponding increase in Pi, while the reproduction 
factor (Rt) decreased. Highest Pf (32314.1) and RKI (2.70) were observed at the 
highest Pi (12,500 h/kg soil). Whereas, highest Rf (8.57) was found at the lowest Pi 
(500 J2/kg soil). Analysis of data indicated that differences in Pf and Rf among 
different Pi were significant (P < 0.05). [Plate 2.1; Table 1(b); Fig. 1]. 
3. To determine the effect of different initial inoculum levels of S. 
sclerotiorum on plant growth, percent root infection and seed yield of P. 
ovata 
Data regarding the effect of different Pi of S. sclerotiorum on the disease 
development, plant growth and seed yield of P. ovata showed that there was a 
corresponding decrease in shoot-root height, shoot-root fresh and dry weights, number 
of spikes/plant and seed weight/plant with increase in Pi [Plate 3; Table 2; Fig. 2]. 
The highest reduction in shoot-root height, shoot-root fresh and dry weights, number 
of spikes/plant and seed weight/plant were recorded 68.3, 72.3, 84.6, 85.3, 86.4, 85.7. 
83.3 and 87.5%, respectively, at highest Pi of 12.5g mycelium/kg soil as compared to 
uninoculated control. Analysis of data indicated that significant (P < 0.05) reduction 
in all growth parameters was found at Pi of l.Og mycelium/kg soil. Extent of 
reduction in various test parameters increased with the corresponding increase in Pi. 
The percent root infection (PRl) due to S. sclerotiorum increased with the 
increasing Pi. Lowest percent root infection (3.0%) was observed at the lowest Pi 
(0.5g mycelium/kg soil). Whereas, highest root infection (78%o) was observed at 
highest Pi (12.5g mycelium/kg soil). Analysis of data indicated that differences in PRI 
among different Pi were significant (P < 0.05) [Plate 3.1; Table 2; Fig. 2]. 
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PLATE-3: Effect of different initial inoculum levels of S. sclerotiorum on 
plant growth (A) and disease development on roots of P. ovata 
(B) 
F| = Uninoculated control 
F2 = 0.5 g mycelium/kg soil 
F3 = 1.0 g mycelium/kg soil 
F4 = 2.5 g mycelium/kg soil 
F5 = 5. 0 g mycelium/kg soil 
F6 = 7.5 g mycelium/kg soil 
F7 = 10.0 g mycelium/kg soil 
Fj = 12.5 g mycelium/kg soil 
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B 
PLATE 3.1: Symptoms of 5. sclerotiorum 
on P. ovata 
Uninoculated plants of P. ovata (left) and 
inoculated (right) with S. sclerotiorum 
showing symptoms on aerial portion 
Roots of uninoculated P. ovata (left) and 
inoculated with S. sclerotiorum (right) 
showing root infection 
Close-up view of roots of P. ovata 
incolulated with S. sclerotiorum showing 
root infection 
68 
4. To determine the interactive effects of M. incognita and 5". sclerotiorum 
disease complex on plant growth and disease development oi P. ovata 
Data regarding the interactive effects of M incognita and S. sclerotiorum on 
the disease development, plant growth and seed yield of P. ovata indicated that in 
general, .S'. sclerotiorum was found significantly (P < 0.05) more pathogenic in 
reducing various growth parameters of P. ovata than M. incognita [Table 3(a); Fig.3; 
Plate 4|. Highest suppression of test parameters was found in plants inoculated 
simultaneously with M incognita and S. sclerotiorum followed by M incognita seven 
days prior to S. sclerotiorum, S. sclerotiorum seven days prior to M incognita, S. 
sclerotiorum alone and M incognita alone respectively. 
All the treatments significantly (P < 0.05) reduced the plant growth parameters 
and seed yield as compared to uninoculated control. Highest reduction in shoot height 
(71.9%). root length (69.0%), shoot fresh weight (76.8%)), root fresh weight (74.6%), 
shoot dry weight (79.3%)), root dry weight (79.4%)), number of spikes/plant (100%) 
and seed weight/plant (100%)) was found in plants inoculated simultaneously with M 
incognita and S. sclerotiorum. 
In general, root-knot development and reproduction factor of M incognita was 
decreased in presence of fungal pathogens, while extent of root infection by the fungal 
pathogens increased in presence of nematodes. Highest Rf (4.21) and RKI (2.25) was 
observed in plants inoculated with nematode and fungus simultaneously. 
The highest PRI (62.5%)) by fungal pathogen was observed in plants 
inoculated simultaneously with M incognita and S. sclerotiorum followed by M. 
incognita seven days prior to S. sclerotiorum, S. sclerotiorum seven days prior to M 
incognita. S. sclerotiorum alone and M. incognita alone respectively [Plate 4.1; Table 
3(h); Fig. 3]. 
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PLATE -4: Interactive effect of M. incognita (5000 J2/kg soil) and S. 
sclerotiorum (7.5 g mycelium/kg soil) on the plant growth (A), 
root-knot development and fungal infection (B) of 7*. ovata 
li = Uninoculated control 
12 = Mi alone 
13 = Ss alone 
14 = lV1i+Ss 
15 = Mi (15 days prior) + Ss 
U = Ss (15 days prior) + Mi 
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B 
PLATE 4.1: Disease symptoms on P. ovata 
concomitantly inoculated with 
M. incognita and S.sclerotiorum 
Uninoculated plants of P. ovata (left) and 
inoculated (right) with M. incognita and S. 
sclerotiorunt showing symptoms on aerial portion 
Roots of uninoculated R ovata (left) and 
inoculated with M. incognita and 5. sclerotiorunt 
(right) showing root infection 
Close-up view of roots of P ovata concomitantly 
incolulated with M. incognita and S. sclerotiorum 
showing root infection 
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5. To determine the effect of Trichoderma harzianum (TH-H-3), 
Pseiidomonas fluorescens (PS-4), jatropha cake and bavistin alone and in 
combination on plant growth and root-knot development against M. 
incognita <tn P. ovata 
Data ivgarciing the effect of different additives against M. incognita indicated 
thai the application of various treatments significantly (P < 0.05) increased tiie plant 
growth and seed \ield of/', ovutu as compared to untreated inoculated plants [Plate X 
lable. 4(a); lig,4|. Analysis of data indicated that differences in various growth 
parameters and seed yield of /'. ovata treated with different additives were mosth 
signillcanl (1' i 0.05). However, highest shoot height (2.1%), root length (2.7%). 
shoot iresh ^vclght (1.5%). root fresh weight (2.5%), shoot dry weight (3.2%). root 
dr\ weight (5.4"'o). number of spikes/plant (5.6%) and seed weight/plant (3.6%) were 
found in plants treated with all the additives together viz., T. harzianum + P 
fluorescens -• jatropha cake + bavistin followed by T. harzianum + jatropha cake • 
ba\ istin. /'. fluorescens + jatropha cake + bavistin, T. harzianum + jatropha cake. P. 
fluorescens ' latropha cake. /'. harzianum + bavistin, jatropha cake alone, F. 
fluorescens •• !ia\ istin. f. harzianum alone, P. fluorescens alone and bavistin alone 
respecti\ely. 
the lowest nematode multiplication Rf (1.41) and root-knot development RKI 
(0.67) was fouiKi m plants treated with all the additives together viz., T. harzianum + 
P. fluorescens r jatropha cake + bavistin , whereas the highest Rf (4.18) and RKI 
(1.83) was c)bscr\ed in untreated inoculated plants [Table 4(b); Fig.4]. 
6. To determine the effect of T. harzianum (TH-H-3), P. fluorescens (PS-4), 
jatropha cake and bavistin alone and in combination on plant growth and 
percent-root infection against^, sclerotiorum on P. ovata. 
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PLATE -5: Effect of T. hanianum (Th) (isolate TH-H-3), P. fluorescens (Pf) (isolate 
PS-4), Jatropha cake (Jc) and Bavistin (Bv) alone and in combination 
against M. incognita (Mi, 5000 Ji/kg soil) on the plant growth (A) and 
root-knot development on the roots of/*, ovata (B) 
Trichoderma harzianum (a), 0.5x1 O c^fu/g soil 
Pseudomonas fluorescens @ 0.5x10*cfu/g soil 
NMi = Uninoculated control 
NIMj = Untreated inoculated 
NIVl3 = IV1i+Th 
NlVl4 = lVli+Pf 
NIVl5 = IV1i+Jc 
NMft = Mi+Bv 
NlVl7=IVli+Th+Jc 
Jatropha cake «) 5000 mg/kg soil 
Bavistin (a) 1 mg a.i./kg soil 
NlVl8 = lVli+Th+Bv 
NIM, = Mi+Pf+.lc 
NlVl,o = IV1i+Pf+Bv 
NlVl|, = lV1i+Tli+Jc+Bv 
NIVl,2=IVli+Pf+Jc+Bv 
NIVI,3 = Mi+Th+Pf+Jc+Bv 
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Data regarding the effect of different additives against S sclerotiorum 
indicated llial all the treatments significantly (P < 0.05) increased the plant growth and 
seed yield oi / OYCUU as compared to untreated inoculated plants [Plate 6; Table 5; 
l'ig.5i. In general, various treatments on all the plant growth parameters including 
seed \ield were niosth significant (P < 0.05). However, the highest improvement in 
shoot height (2 1%). root length (3.5%), shoot fresh weight (4.1%), root fresh weight 
(2.7%). shoot dr\ weight (3.4%), root dry weight (3.0%)), number of spikes/plant 
(10.5%) and seed weight/plant (5.4%) were obtained in plants treated with all the 
additives together viz.. 1 harzicmum + P. fluorescens + jatropha cake + bavistin 
followed by 7 harziuniim + jatropha cake + bavistin, P. fluorescens + jatropha cake ^  
bavistin. T. huiz'uimuv + bavistin, P. fluorescens + bavistin, T. harzianum + jatropha 
cake, bavistin alone. P. fluorescens + jatropha cake, T. harzianum alone, /', 
ihiorescens alone and jatropha cake alone respectively. 
I he percent root infection by S. sclerotiorum was decreased by the application 
of various treatments as compared to untreated inoculated plants. The lowest root 
infection by the fungus (2.5%) was recorded in plants treated with all the additives 
together viz.. I harzianum + P. fluorescens + jatropha cake + bavistin. Whereas, 
highest root nileclion (37.3%) was recorded in untreated inoculated plants [Table 5; 
lie. 5|. 
7. To determine the effect of T. harzianum (TH-H-3), P. fluorescens (PS-4), 
jatropha cake and bavistin alone and in combination on plant growth, 
root-knot development and percent root infection against M. incognita 
and S. sclerotiorum disease complex on P. ovata 
Data regarding the elTect of different addifives against M incognita and .S'. 
sclerotiorum snnullaneously inoculated plants of P. ov^/a indicated that in general. 
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PLATE -6: Effect of T. hanianum (Th) (isolate TH-H-3), P. fluorescens (Pf) 
(isolate PS-4), Jatropha cake (Jc) and Bavistin (Bv) alone and in 
combination against 5. sclerotiorum (7.5g mycelium/kg soil) on the 
plant growth (A) and root infection of P. ovata (B) 
Trichoderma harzianum (a), 0.5x1 O c^fu/g soil 
Pseudomonas fluorescens @ 0.5x10*cfu/g soil 
FMi = Uninoculated control 
FIVI2 = Untreated inoculated 
FM3 = Ss+Th 
FM4 = Ss+Pf 
FMs = Ss+Jc 
FM* = Ss+Bv 
FIVI7 = Ss+Th+Jc 
Jatropha cake @ 5000 mg/kg soil 
Bavistin @ 1 mg a.i./kg soil 
FMg = Ss+Th+Bv 
FMs = Ss+Pf+Jc 
FM,o = Ss+Pf+Bv 
FM„ = Ss+Th+Jc+Bv 
FM,2=Ss+Pf+Jc+Bv 
FM,3= Ss+Th+Pf+Jc+Bv 
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application of all the treatments were able to increase the plant growth and seed yield 
as compared to untreated inoculated plants [Plate 7; Table 6(a); Fig. 6]. 
Analysis of data indicated that differences on the effect of various treatments 
on plant growth parameters and seed yield/plant were mostly significant (P < 0.05). 
However, highest improvement in shoot height (0.3%), root length (2.2%), shoot fresh 
weight (1.1%), root fresh weight (1.4%), shoot dry weight (3.3%), root dry weight 
(2.6%), number of spikes/plant (4.8%) and seed weight/plant (0.0%) were obtained in 
plants treated with all the additives together viz., T. harzianum + P. fluorescens + 
jatropha cake + bavistin followed by T. harzianum + jatropha cake + bavistin, P. 
fluorescens + jatropha cake + bavistin, T. harzianum + bavistin, P. fluorescens + 
bavistin, T. harzianum + jatropha cake, P. fluorescens + jatropha cake, T. harzianum 
alone, P. fluorescens alone, jatropha cake alone and bavistin alone, respectively as 
compared to untreated uninoculated plants. 
All the treatments were also able to decrease the root-knot development, 
reproduction rate by M. incognita and percent root infection by the S. sclerotiorum. 
The highest reduction in Rf (1.60) and RKI (0.50) due to M. incognita and PRI (7.3%) 
due to S. sclerotiorum was found in plants treated with all the additives together viz., 
T. harzianum + P. fluorescens + jatropha cake + bavistin followed by T. harzianum + 
jatropha cake + bavistin, P. fluorescens + jatropha cake + bavistin, T. harzianum + 
bavistin, P. fluorescens + bavistin, T. harzianum + jatropha cake, P. fluorescens + 
jatropha cake, T. harzianum alone, P. fluorescens alone, jatropha cake alone and 
bavistin alone, respectively. The highest Rf (4.14), RKI (2.30) and PRI (65.5) was 
found in untreated inoculated plants [Plate 7.1; Table 6(b); Fig. 6]. 
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PLATE -7: Effect of T. hanianum (Th) (isolate TH-H-3), P. fluorescens (Pf) (isolate 
PS-4), Jatropha cake (Jc) and Bavistin (Bv) alone and in combination 
against M. incognita (5000 J2/kg soil) and S. sclerotiorum (7.5g 
mycelium/kg soil) disease complex on the plant growth (A) and root-knot 
development and root-infection of P. ovata (B) 
Trichoderma harzianum @ 0.5x10 cfu/gsoil 
Pseudomonas fluorescens @ 0.5x10*cfu/g soil 
IMi = 0 (Uninoculated) 
IMj = N (Untreated inoculated) 
IMj = Mi+Ss+Th 
IM4 = Mi + Ss +Pf 
IM5 = Mi + Ss +JC 
IM* = Mi + Ss +Bv 
IM7 = Mi + Ss +Th+JC 
Jatropha cake @ 5000 mg/kg soil 
Bavistin @ 1 mg a.i./kg soil 
IMg = Mi + Ss +Th+Bv 
IM, = Mi + Ss +Pf+JC 
IM,o = Mi + Ss +Pf+Bv 
IM,i = Mi + Ss +TI1+JC+BV 
IM,2= Mi + Ss +Pf+JC+Bv 
IM,3= Mi + Ss +Th+Pf+JC+Bv 
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CHAPTER- 5 
DISCUSSION 
Nematodes are significant component of soil microflora. The number of 
individuals per sq. meter soil is in millions. They belong to the trophic level of the 
consumers; hence influence the process of degradation and mineralization of organic 
matter, mostly due to the trophic relationship which they establish with other 
members of soil biota. Plant parasitic nematodes affect the production and economy 
of the crops in diverse ways such as: (i) reduction in quality and quantity of crop; (ii) 
need of additional fertilizer and water; (iii) application of nematicides and (iv) 
impediment of production and trade by phytosanitary regulations (Weischer, 1967). 
The amount of damage caused by plant-parasitic nematode is governed by a number 
of factors such as the nematode species, the size of nematode population, 
susceptibility of the host plant, environmental factors and presence of other 
organisms, etc. (Wallace, 1969; Powell, 1971a, b, 1979; Webster, 1972; Norton, 
1978; Haseeb, 1983; Webster, 1985; Evans & Haydock, 1993; Back et al, 2002; Luc 
et al, 2002; Sharma et al, 2005). 
Plant-parasitic nematodes are pathogens in their own right and are capable of 
producing recognizable disease symptoms on appropriate susceptible hosts (Goodey 
et al.. 1965; Olthof & Potter, 1972; Webster, 1972; Lamberti & Taylor, 1979; Basu & 
Sukul, 1983; Sitaramaiah, 1984; Haseeb, 1992, 1994; Singh & Haseeb, 1998). Most 
of the diseases caused by nematodes are debilitating. However, when they interact 
with other pathogenic organisms the disease picture is drastically altered. It changes 
from debilitating to annihilating (Powell, 1963, 1968, 1971a, b, 1979; Bergeson, 
1972; Porter & Powell, 1967; Melendez & Powell, 1965, 1967; Powell & Batten, 
1969; Sidhu & Webster, 1977; Norton, 1978; Lamberti & Taylor, 1979; Haseeb, 
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1983; Webster. 1985; Sasser, 1989; Luc et al, 1993; Back et ai, 2002; Haseeb, 2003, 
2004). The varieties bred resistant against fungal attack become susceptible in the 
presence of a nematode (Atkinson, 1892; Neal, 1954; Melendez & Powell; 1965, 
1967; Young, 1939; Harrison & Young, 1941; Sasser et al., 1955). Soil inhabiting 
fungi such as Pythium, Curvularia, Botrytis Aspergillus, Penicillium and Trichoderma 
which are normally not pathogenic on healthy tobacco roots, became pathogenic on 
roots infected by root-knot nematode (Powell et al, 1971). 
The literature on nematode-fungal interactions has been reviewed by Pitcher 
(1963, 1965), Miller (1965), Porter & Powell (1967), Melendez & Powell (1965, 
1967), Powell (1968, 1971, 1979), Powell & Batten (1969), Bergeson (1972), Sidhu 
& Webster (1977), Norton (1978), Lamberti & Taylor (1979), Sikora (1984), Webster 
(1985), Mai & Abawi (1987), Sasser (1989), Luc et al. (1993), Evans & Haydock 
(1993), Walker et al. (1999), Back et al. (2002), Haseeb (1983, 2003, 2004). 
Having realized the significance of soil borne diseases incited due to complex 
etiology of nematodes and fungi, in the present thesis attempt has been made to study 
the effect of M incognita, S. sderotiorum alone, concomitantly and sequentially 
inoculated plants of P. ovata on plant growth, seed yield and disease development and 
also tested the efficacy of bavisitin, jatropha cake, T. harzianum (TH-H-3) and P. 
fluorescens (PS-4) alone and in different combinations for the management of the 
disease under pot conditions. 
The effects of various inoculum levels of M. incognita on P. ovata clearly 
indicated the evidence of its potentiality in reducing various growth parameters, viz., 
shoot-root length, shoot-root fresh/dry weight, number of spikes and seed yield in 
inoculated plants. In general there was a positive relationship between the initial 
inoculum levels of M incognita and reduction in all the test parameters and a negative 
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relationship between initial inoculum densities and rate of reproduction factor of the 
nematode [Table. 1(a), (b); Fig. 1]. Similar relationship between Pi of M incognita 
and growth parameters has also been reported by several other workers (Barker et al, 
1976; Di Vito et al, 1983, 1985; Butool & Haseeb, 1998; Haseeb et al, 1988, 1990, 
1993, 1996, 1998; Pandey et al, 1992; Kumar & Singh, 1997; Perveen et al, 2006). 
The reduction in reproduction factor with corresponding increase in Pi is 
attributed to the destruction of root system, competition for nutrition among the 
developing nematodes within a root system, inability of larvae of subsequent 
generations to locate the infection sites (Triantaphyllou & Hirschmarm, 1960; 
Wallace, 1971; Apple & Lewis, 1984; Daiber, 1989, 1990; Pandey et al, 1992; 
Kumar & Singh, 1997; Ehwaeti et al, 1998; Butool & Haseeb, 1998; Haseeb et al, 
1988, 1990, 1993, 1996, 1998; Perveen e/a/., 2006). 
Similarly, studies on the effect of 5. sclerotiorum on P. ovata indicated that the 
increasing Pi of S. sclerotiorum also resulted in a gradual increase in extent of 
reduction of all the growth parameters [Table. 2; Fig. 2]. Similar results were also 
obtained by Perveen et al (2010) while determining effect of different initial 
inoculum levels of S. sclerotiorum on the disease development, growth, oil yield and 
biochemical changes of Mentha arvensis. Moreover, in the past, several workers has 
also worked on the pathogenic effect of Sclerotinia spp. on a number of crops such as 
alfalafa, dry bean, cabbage, canola, lettuce, peanut, soybean, sunflower, dry beans, 
potato and ajwain (Blodgett, 1946; Hungerforts & Pitts, 1953; Sackston, 1960; 
Partyka & Mai, 1962; Nicholson et al, 1972; Abawi & Grogan, 1975; Steadman, 
1975; Huang & Dueck, 1980; Stovold & Priest, 1986; Farr et al, 1989; Grau, 1988; 
Akem, 1990; Sattar & Alam, 1993; Sattar et al., 1995; Paul, 1996; Hartman et al. 
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1998; Hoffman et ai, 1998; Charchar et al., 1999; Cother, 2000; Shivpuri & Gupta, 
2001; Lithourgidis et al., 2003). 
Although, a number of reports are available on the establishment of 
pathogenic potentials of M incognita and S. sclerotiorum alone on various varieties of 
crops including various medicinal and aromatic plants (Haseeb et al, 1986 a, b, 1987, 
1988, 2006; Haseeb & Pandey , 1987; Haseeb & Pandey, 1989 a, b, c; Haseeb & 
Butool, 1989; Sattar et al, 1995; Shukla & Haseeb, 2004; Senthamarai et al, 2006 a, 
b, c, 2008 a, b; Perveen et al, 2006, 2010). However, scanning of literature shows 
that only Perveen et al (2007) has studied the interactive effects of M. incognita and 
S. sclerotiorum on the disease development, herb and oil yield of Mentha arvensis. 
In the present thesis the experiment was also conducted to determine the 
effects of sequential and simultaneous inoculations of M. incognita and S. 
sclerotiorum on the plant growth, seed yield and disease development of P. ovata. In 
general, the highest reduction in plant grov^^h, and seed yield were found in 
simultaneously inoculated plants with the nematode and fungus followed by nematode 
prior to fungus and fungus prior to nematode inoculations, respectively [Table. 3(a); 
Fig. 3]. The highest reduction in all the growth parameters and seed yield may be 
attributed to the predisposition of P. ovata roots by M. incognita for subsequent 
damage by S. sclerotiorum. According to the hypothesis made by several scientists, 
that the leakage of nutrient from the root was the possible reason for attracting the 
fungus to the nematode which induces galls. In addition, it was also suggested that 
nematode might have provided infection courts through which the fungus entry might 
have been facilitated (Smith, 1954; Haseeb, 1983; Singh et al, 1991; Luc et al, 1993; 
Walker et al, 1999; Back et al, 2002; Haseeb, 2003, 2004; Haseeb et al, 2005 a, b, 
c; Perveen et al, 2007). Highest reproduction factor and root-knot index were 
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observed in plants inoculated with nematode alone and highest percent root infection 
due to S. sderotiorum was observed in nematode and fungus inoculated 
simultaneously [Table. 3(b); Fig. 3.]. The findings of the present studies are similar to 
the findings of earlier workers on various other crops involving root-knot nematodes 
and other soil-borne fungi (Haseeb, 1983, 2003, 2004; Haseeb, et al, 2003, 2007 b; 
Perveen et al., 1999 a, b; 2007 b). However, several other workers (Porter & Powell, 
1967; Khan & Muller, 1982; Singh & Goswami, 2001) also found the highest damage 
in terms of reduction in plant growth with the prior inoculation of nematode to that of 
fungus. This indicates that nematode prior or simultaneous inoculation enhanced the 
fungal activities on different susceptible as well as fungus tolerant hosts. Further, it 
has also been observed that the reproduction and infectivity of M. incognita was 
suppressed in the presence of fungus (Jenkins & Coursen, 1957; Perry, 1961; 
Webster, 1985; Kassab & Ali, 1995). 
The reduction in nematode population may be attributed to the damage of root 
tissues by the fungus before the completion of life cycle of nematodes and also it 
could be due to the fact that S. sderotiorum produces pectolytic enzymes, which 
macerate tissues and directly or indirectly, damage the cell membranes leading to the 
death of cells (Bateman & Basham, 1976). The other possible reason for the reduction 
in nematode might be the inhibitory effect of the fungus on subsequent hatching of 
egg masses (Golden & Van Gundy, 1975; Sharma & Gill, 1979). 
The comparative efficacy of various treatments, viz. jatropha cake, bavistin, T. 
harzianum (isolate TH-H-3) and P. fluorescens (isolate PS-4) were evaluated by using 
them alone and in different combinations against M. incognita and S. sderotiorum 
alone and disease complex involving both the pathogens resulting in increase in the 
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plant growth, seed yield of P. ovata and reduction in the disease development in 
comparison to untreated inoculated plants. 
All the treatments resulted in increase in plant growth and seed yield of P. 
ovata in pots inoculated with M. incognita alone. However, the highest improvement 
in plant growth, seed yield and reduction in reproduction of M. incognita was 
achieved in plants treated simultaneously with T. harzianum + P. fluorescens + 
jatropha cake + bavistin followed by T. harzianum + jatropha cake + bavistin, P. 
fluorescens + jdiixo^ha. cake + bavistin, T. harzianum + jatropha cake, P. fluorescens + 
jatropha cake, T. harzianum + bavistin, jatropha cake alone, P. fluorescens + bavistin, 
T. harzianum alone, P. fluorescens alone and bavistin alone respectively [Table. 4 (a), 
(b); Fig. 4]. The findings of the above experiment are in the agreement of the findings 
of several workers (Singh & Sitaramaiah, 1973; Alam et al., 1979; Singh et al, 1980; 
Backer et al, 1988; McSorley et al, 1997; Siddiqui et al, 1999; Sharon et al, 2001; 
Haseeb, 1983, 2003; Haseeb & Shukla, 2004; Haseeb et al, 2006b; Kumar et al, 
2011), 
Efficacy and mode of actions of various additives vzz., jatropha cake, bavistin, 
T. harzianum and P. fluorescens against pathogenic potential of root-knot nematodes 
and soil-borne fungi has been demonstrated and suggested separately in the past by 
several workers (Singh «fe Sitaramaiah, 1973; Haseeb, 1983; Sharon et al, 2001; 
Haseeb & Shukla, 2004; Haseeb et al, 2006b; Kumar et al, 2011). Amendment with 
jatropha cake applied alone or in combination was found to enhance the plant growth 
and seed yield of P. ovata and caused reduction in the nematode population and 
disease severity [Table. 4(a), (b); Fig. 4]. It has also been suggested by several 
workers that the nematode control might be due to the toxicity of decomposition 
products like ammonia, phenolics, etc. (Alam et al, 1979; Singh et al, 1980), or 
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changed physical and chemical properties of soil or due to increased host resistance 
(Alam et al, 1979; Haseeb, 1983). It was also suggested that the induction of 
resistance was due to increased levels of phenolics in roots (Alam et al, 1979; Singh 
et a/., 1980). Various explanations were given about the possible mechanisms of 
action of various oil cakes viz., neem, castor, karanj, except jatropha cakes. Therefore, 
it is presumed that above mentioned explanations about the mode of action of oil cake 
for nematode control may also be applicable to jatropha cake. However, further 
research about the exact mechanism of action to control in-vivo and in-vitro is to be 
determined. 
T. harzianum is known to produce hydrolytic enzymes including, chitinases, P-
1, 3-glucanases, proteases and other volatile and non-volatile compounds (Lumsden & 
Locke, 1989). In general, the reduction in the population of M incognita is attributed 
to the parasitization of egg, eggmasses, which also inhibit hatching of the eggs and 
also cause mortality of M. incognita juveniles as reported by several workers 
(Goswami & Rao, 1997; Nagesh et al, 2001; Sharon et al, 2001; Haseeb et al, 2005 
b, c; Kumar et al, 2011). T. harzianum is also accounted for the production of 
hydrolytic enzymes such as, chitinases, endochitinases, proteases, etc., but the 
differences in the parasitization levels are found to be dependent on varying levels of 
hydrolytic enzymes produced by the individual species and strains as reported by 
earlier workers (Goswami & Rao, 1997; Nagesh et al, 2001; Sharon et al, 2001; 
Haseeb et al, 2005 b, c; Kumar et al, 2011). 
Studies pertaining to the potentials of P. fluorescens (isolate PS-4) for the 
management of M incognita revealed that the isolate used was quite effective in 
improving the plant growth, seed yield and reducing the population of M incognita 
[Table. 4 (a), (b); Fig. 4]. The probable mechanism responsible for the reduction of 
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nematode population might be related to the ability of the bacteria to envelop or bind 
the root surface with carbohydrate lectin, thereby interfering with normal host 
recognition (Oostendorp & Sikora, 1989). 
Application of various treatments viz., jatropha cake, bavistin, T. harzianum 
(isolate TH-H-3) and P. fluorescens (isolate PS-4) alone or in various combinations 
for the control of S. sclerotiorum inoculated plants of P. ovata was found to increase 
the plant growth, seed yield of P. ovata and reduce the percent root infection caused 
by the fungus. The maximum increase in plant growth parameters and seed yield was 
recorded in plants treated with all the additives together viz., T. harzianum + P. 
fluorescens + jatropha cake + bavistin followed by T. harzianum + jatropha cake + 
bavistin, P. fluorescens + jatropha cake + bavistin, T. harzianum + bavistin, P. 
fluorescens + bavistin, T. harzianum + jatropha cake, bavistin alone, P. fluorescens + 
jatropha cake, T. harzianum alone, P. fluorescens alone and jatropha cake alone 
respectively as presented in Table.5; Fig. 5. The findings of the above studies are 
similar to the results obtained by previous workers on various crops (Singh et al, 
1980; Maity & Sen, 1985; Tu, 1986; Dohroo et al, 1990; Knudsen et al, 1991; 
Muthamilan & Jeyarajan, 1996; Singh & Kapoor, 1996; Shivpuri & Gupta, 2001; 
Kumawat & Jain, 2002; Mueller et al, 2002; Singh et al, 2003, 2004; Perveen et al, 
2007; Figueiredo, et al, 2010; Hieu et al, 2010; Kumar et al, 2011). 
In the past, several workers has proved the fungicidal effect of various oil 
cakes, especially the neem cake against pathogenic fungi infesting various crops 
(Narayanan & Ayer, 1967; Barak & Chakraborty, 1969; Singh & Sitaramaiah, 1973; 
Alam et al, 1979; Haseeb, 1983). Several active principles (molecules) has also been 
isolated and characterized and tested against pathogenic fungi which inhibit the fungal 
growth or the sclerotial formation. Also, Marukawa et al. (1975) noted that the P-
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amino benzoic acid present in neem exudates inhibited the sclerotia formation of 
Sclerotinia liberitiana. However, no explanation has been made so far for the mode of 
action of jatropha cakes. It is presumed that the chemicals present in jatropha cake 
may have the similar mode of action in suppressing the growth of S. sclerotiorum 
also. 
Similarly, the suppressing effect of bavistin could be attributed to the fact that 
when this fungicide comes in contact with the plant, it gets converted at the plant 
surface to methyl benzimidazole carbamate and this compound interferes with nuclear 
division and biosynthesis of new cell material required for growth and maintenance of 
the fungi (Nene & Thapliyal, 2000). It has also been reported by number of 
researchers that bavistin is quite effective in suppressing the root colonization by 
various soil-borne fungi, including, R. solani and F. oxysporum on various crops 
(Javed et al, 1997; Rajappan & Ramraj, 1999; Padmodaya & Reddy, 1999; Kumar 8c 
Dubey, 2001; Bharath et al, 2005; Haseeb et al, 2006; Sarkar & Saxena, 2007; Devi 
et al, 2008; Kumar et al, 2011). 
In recent past, the various strains, isolates and commercial formulations of 
Trichoderma spp. has been used throughout the world for the control of soil-borne 
fungi infesting several crops (Papavizas, 1985; Ahmad &. Baker, 1987 a, b; Windham 
et al, 1989; Rahman et al, 2001; Wagner & Kopacki, 2002; Bandyopadhyay et al, 
2003; Singh et al, 2004 a; Gandhi & Kumar, 2006; Perveen et al, 2007; Haseeb & 
Kumar, 2008 d; Kumar et al, 2011). The information regarding the mechanism of 
action of Trichoderma spp. against individual fungi has not been fully explained yet. 
However, Elad (1995) suggested various mechanisms for the bio-control activity of 
Trichoderma spp. against phytopathogenic fungi, such as antibiosis, competition, 
mycoparasitism and enzymatic hydrolysis, whereas, various workers reported T. 
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harzianum as antagonist of mycelial or sclerotial growth of numerous plant pathogens 
(Papavizas & Lewis, 1988; Elad et al, 1993; Vavrac et al, 1997). 
Studies regarding the potential of the P. fluorescens (isolate PS-4) on the 
suppressive effect on the disease development caused by S. sclerotiorum showed that 
it was able to improve the plant growth and seed yield of P. ovata and reduces root 
infection [Table. 5; Fig. 5]. However, the antagonistic potential of P. fluorescens 
(isolate PS-4) against S. sclerotiorum could be attributed to the production of 
antibiotics (Fravel, 1988), siderophore production (Schippers et al, 1987; Bakker et 
al, 1993) and due to induced systemic resistance (Kloepper et al, 1980; Van Peer et 
al, 1991). Besides these, suppression of root pathogens is also due to competition for 
food and ability to colonize the roots (Park, 1990). Moreover, P. fluorescens produces 
plant growth promoting substances, thereby enhancing plant growth and yield (Burr et 
al, 1978; Kaiser et al, 1989; Sarvanan et al, 2004). Several strains of P. fluorescens 
have been reported to be effective against various phytopathogenic fiingi including 
species of Fusarium, on various crops (Vidhyasekaran & Muthamilan, 1995; M'Piga 
et al, 1997; Rajappan & Ramraj, 1999; Haseeb, 2003; Haseeb et al, 2006, 2007 a; 
Perveen et al, 2007; Kumar et al, 2011). 
The present study regarding the management of disease complex involving M. 
incognita and S. sclerotiorum on P. ovata by using jatropha cake, bavistin, T. 
harzianum (isolate TH-H-3) and P. fluorescens (isolate PS-4), revealed that all 
treatments applied alone or in combinations were able to improve the plant growth 
and seed yield of P. ovata as compared to untreated inoculated plants. All treatments 
were also able to reduce the root-knot index and reproduction rate due to the 
nematode and percent root infection due to the fungus. The most satisfactory result 
was found by the application of all the additives simultaneously viz., T. harzianum + 
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p. fluorescens + jatropha cake + bavistin followed by T. harzianum + jatropha cake + 
bavistin, P. fluorescens + jatropha cake + bavistin, T. harzianum + bavistin, P. 
fluorescens + bavistin, T. harzianum + jatropha cake, P. fluorescens + jatropha cake, 
T. harzianum alone, P. fluorescens alone, jatropha cake alone and bavistin alone 
respectively. However, the treatments involving two managing components were 
observed to be more effective than the corresponding alone treatments [Table. 6 (a), 
(b); Fig. 6]. 
It appeared that individual components of the combinations treatment made a 
cumulative multiple and differential effect on the pathogens which they failed to 
sustain and were never allowed to develop at such a level that could cause serious 
damage to plants. The different mechanisms of action of various additives used in the 
present study against M. incognita and S. sclerotiorum has already been reported by 
several workers and discussed earlier who have worked and demonstrated the efficacy 
of these additives against important plant-parasitic nematodes and soil-borne fungi 
(Sayre et al, 1964; Patrick & Toussoun, 1965; Khan et a/.,1973, 1974; Cook, 1977; 
Chet, 1987; Sitaramaiah, 1990; Walia et al, 1994; Haque et al, 1995; Elad, 1995; 
Mehta et al, 1995; Chand & Tripathi, 2002; Haseeb, 2003; Haseeb et al, 2004, 2005 
b, c, 2006; Haseeb & Kumar, 2005, 2008 a, c; Kumar et al, 2011). 
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CHAPTER- 6 
SUMMARY 
In recent years, there has been an increased interest in the cultivation of 
medicinal and aromatic plants to meet the requirements of pharmaceuticals, 
flavouring and perfumery industries. Isabgol {Plantago spp.) is being cultivated and 
produced commercially mainly because of its medicinal properties as it has high 
amount of mucilage content. Among the various species of isabgol, P. ovata contains 
the highest amount of mucilage. Recently, the cultivation of isabgol in various states 
of our country has been increased tremendously because of its remunerative value. 
This crop is subjected to the attack of several pests and diseases caused by plant-
parasitic nematodes especially root-knot nematodes and soil-borne fungi. 
The information regarding the infestation of M. incognita and S. sclerotiorum 
on P. ovata, its pathogenic potential, interactive effects of both the pathogens on the 
plant growth, seed yield and disease development and the management of M 
incognita and S. sclerotiorum alone and in combination has not been studied so far. 
Therefore, present studies were made to identify the Meloidogyne spp. and 
Sclerotinia spp. infesting the P. ovata in the experimental field of Faculty of 
Agricultural Sciences, and experiments was also conducted under pot conditions to 
determine the effect of different Pi of M. incognita and S. sclerotiorum alone and the 
interactive effects of both the pathogens on the plant growth, seed yield and disease 
development and to determine the comparative efficacy of jatropha cake, bavistin, T. 
harzianum (isolate TH-H-3) and P. fluorescens (isolate PS-4), alone and in 
combinations on P. ovata involving M. incognita and S. sclerotiorum plant growth, 
root-knot development and percent-root infection. 
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The effect of different Pi of M incognita on P. ovata evidenced its potentiality 
in reducing various grovv1;h parameters viz., shoot-root height, shoot-root fresh and dry 
weights, number of spikes/plant and seed weight/plant. In general there was a positive 
relationship between the initial inoculum levels of M. incognita and reduction in all 
the test parameters. The maximum reduction in corresponding parameters was 
recorded 67.8, 72.0, 83.9, 85.9, 86.0, 88.2, 88.2 and 88.7%, respectively at the highest 
Pi (12,500 Ji/kg soil) as compared to uninoculated control [Table. 1(a); Fig. 1]. There 
was a negative relationship between initial inoculum densities and rate of nematode 
multiplication. Highest nematode fmal population (Pf= 32314.1) was observed at 
highest Pi (12,500 Ja/kg soil); highest RKI= 2.50 was observed at Pi 10,000 and 
12,500 J2/kg soil. Whereas, the maximum Rf= 8.57 was observed at lowest Pi (500 
J2/kg soil) [Table. 1(b); Fig. 1]. 
Studies regarding the effects of various levels of Pi of S. sclerotiorum on the 
growth, seed yield and percent root infection of P. ovata revealed that, increasing Pi 
of 5*. sclerotiorum also exhibited a gradual increase in extent of reduction in all the 
growth parameters and seed yield of P. ovata, and increase in the percent root 
infection by the fungus. The maximum reduction in the corresponding test parameters 
was recorded 68.3, 72.3, 84.6, 85.3, 86.4, 85.7, 83.3 and 87.5%, respectively at the 
highest Pi of 12.5g mycelium/kg soil as compared to uninoculated control [Table. 2; 
Fig. 2]. At the lowest Pi (0.5g mycelium/kg soil), PRI was observed 3.0 and at the 
highest Pi (12.5g mycelium/kg soil), it was 78.0% [Table. 2; Fig. 2]. 
Studies pertaining to the single, sequential and concomitant inoculations of M 
incognita (5000 .12/kg soil) and 5. sclerotiorum (7.5g mycelium/kg soil) on P. ovata 
indicates that the highest reduction in plant growth, and seed yield were found in 
concomitantly inoculated plants with M. incognita and S. sclerotiorum followed by M. 
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incognita seven days prior to S. sclerotiorum and S. sderotiorum seven days prior to 
M. incognita, respectively. The highest reduction in various growth parameters viz., 
shoot-root height, shoot-root fresh and dry weights, number of spikes/plant and seed 
weight/plant was recorded 71.9, 69.0, 66.9, 65.7, 67.8, 70.6, 88.9 and 85.5% 
respectively in the plants inoculated concomitantly with both the pathogens [Table. 
3(a); Fig. 3]. Highest reproduction rate (4.21) of M incognita, root-knot index (2.25) 
and highest root infection by S. sclerotiorum (62.5%) were also observed in 
concomitantly inoculated plants with M incognita and S. sclerotiorum simultaneously 
[Table. 3(b); Fig. 3]. 
Results regarding the management of M. incognita (5000 J2/kg soil) infesting 
P. ovata by the application of various treatments viz., jatropha cake (@5g/kg soil), 
bavistin (@lmg/kg soil), T. harzianum (isolate TH-H-3) and P. fluorescens (isolate 
PS-4) (@0.05 |.il/kg soil each) used alone and in different combinations (half of the 
standard dose) was studied under pot conditions. Highest improvement in plant 
growth, seed yield of P. ovata and reduction in reproduction of M. incognita was 
achieved in plants treated with all the additives together viz., T. harzianum + P. 
fluorescens + jatropha cake + bavistin followed by T. harzianum + jatropha cake + 
bavistin, P. fluorescens + jatropha cake + bavistin, T. harzianum + jatropha cake, P. 
fluorescens + jatropha cake, T. harzianum + bavistin, jatropha cake alone, P. 
fluorescens + bavistin, T. harzianum alone, P. fluorescens alone and bavistin alone 
respectively as compared to untreated inoculated plants [Table. 4(a), (b); Fig. 4]. 
Similarly, the management of S. sclerotiorum (7.5g mycelium/kg soil) 
infesting P. ovata was studied under pot conditions by the application of above 
mentioned additives in different combinations. The highest improvement in plant 
growth, seed yield and lowest percent root infection on P. ovata due to S. 
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sderotiorum (7.5g mycelium/kg soil) was observed in the plants treated with all the 
additives together viz., T. harzianum + P. fluorescens + jatropha cake + bavistin 
followed by T. harzianum + jatropha cake + bavistin, P. fluorescens + jatropha cake + 
bavistin, T. harzianum + bavistin, P. fluorescens + bavistin, T. harzianum + jatropha 
cake, bavistin alone, P. fluorescens + jatropha cake, T. harzianum alone, P. 
fluorescens alone and jatropha cake alone respectively as compared to untreated 
inoculated plants [Table. 5; Fig. 5]. 
Results regarding the management of disease complex involving M. incognita 
(5000 Ji/kg soil) and S. sderotiorum (7.5g myceliumykg soil) infesting P. ovata by the 
application of various additives, showed that all the treatments were able to improve 
the plant growth and seed yield as compared to untreated inoculated plants [Table. 
6(a); Fig. 6]. These treatments were also able to reduce the root-knot index and 
reproduction rate due to M. incognita and percent root infection due to S. sderotiorum 
[Table. 6(b); Fig. 6]. The most satisfactory result was achieved in plants treated with 
all the additives together viz., T. harzianum + P. fluorescens + jatropha cake + 
bavistin followed by T. harzianum + jatropha cake + bavistin, P. fluorescens + 
jatropha cake + bavistin, T. harzianum + bavistin, P. fluorescens + bavistin, T. 
harzianum + jatropha cake, P. fluorescens + jatropha cake, T. harzianum alone, P. 
fluorescens alone, jatropha cake alone and bavistin alone respectively as compared to 
untreated inoculated plants [Table. 6(a), (b); Fig. 6]. 
However, considering the use of a single additive for the management of M. 
incognita and S. sderotiorum alone and in disease complex, the most effective 
treatment was jatropha cake against M. incognita alone; bavistin against S. 
sdeortiorum alone and T. harzianum against M incognita-S. sderotiorum disease 
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complex, which increases the plant growth and seed yield of P. ovata and reduces the 
disease severity as compared to untreated inoculated plants. 
The studies pertaining to the management of disease complex involving M. 
incognita and S. sclerotiorum can be achieved by the application of jatropha cake 
(@5g/kg soil), bavistin (@lmg/kg soil) and T. harzianum (isolate TH-H-3) and P. 
fluorescens (isolate PS-4) (@0.05 |J.l/kg soil each) when applied together under pot 
conditions. 
The present studies have generated knowledge on the identification of root-
knot nematode species and white mold fungus infesting P. ovata and its pathogenic 
potential on crop damage either alone or when present together and to determine the 
effective management options. This information is not only of academic importance 
but also highly useful for protecting the crop from the infestation caused by M. 
incognita alone, S. sclerotiorum alone or disease complex involving both the 
pathogens and increasing the crop yield. Certainly, this information may be helpful in 
a long way in developing the agro-technology and package of practices for growing 
disease-free crop and enhancing the yield. After confirming the above mentioned 
management options in experimental fields and validation in farmer's fields, if found 
successful, it may be recommended to the farmers for adoption. 
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